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ABSTRACT
T h e  d is t r ib u t io n  o f  th e  in d ic a t o r  s p e c ie s  M in u a r t ia  v e r n a , T h la s p i  
a lp e s t r e  a n d  A r m e r ia  m a r i t im a  on m e t a l l i f e r o u s  s u b s t r a te s  h a s  b e e n  
th e  m a jo r  fo c u s  o f  a t te n t io n  w i t h  m e n t io n  a ls o  o f  S ile n e  m a r i t im a  and  
C o c h le a r ia  o f f i c i n a l i s . T h e  c o n c e p t o f  th e  in d ic a to r  s p e c ie s  as d e v e lo p e d  
in  th e  l i t e r a t u r e  h a s  b e e n  c o n s id e re d  a n d  a c o m p a r is o n  h a s  b e e n  m a d e  
b e tw e e n  th e  v e g e ta t io n  c o m m u n it ie s  o f  m e t a l l i f e r o u s  a re a s  a n d  th o s e  o f  
s e r p e n t in e  s o i ls  w i t h  w h ic h  th e y  h a v e  c e r t a in  a s p e c ts  in  c o m m o n . T h e  
g e o lo g y  a n d  h is t o r y  o f  m in in g  o f  B r i t i s h  a n d  E u r o p e a n  o re  d e p o s its ,  
in s o f a r  as  th e s e  a f fe c t  th e  in d ic a to r  s p e c ie s ,  h a v e  b e e n  in v e s t ig a te d .  
E c o lo g ic a l  d a ta  h a s  b e e n  o b ta in e d  f o r  m e ta l l i f e r o u s  c o m m u n it ie s  
in v o lv in g  th e  in d ic a t o r  s p e c ie s  in  Y o r k s h i r e ,  G w y n e d d , D e r b y s h ir e ,  
th e  M e n d ip s ,  B e lg iu m  a n d  o th e r  r e g io n s .
T h e  r e la t io n s h ip  o f  M in u a r t ia  v e r n a  to  s u b s t r a te  t o x ic i t y ,  c o m p e t i t io n  
a n d  c l im a te  h a s  b e e n  in v e s t ig a te d  a n d  th e  im p l i c a t io n  o f  th is  r e la t io n s h ip  
f o r  s u c c e s s io n  on  s p o i l  m a t e r ia ls  h a s  b e e n  c o n s id e re d .  In  t e r m s  o f 
v e g e ta t io n  s u c c e s s io n  a p a r a l l e l  w i t h  B r i t i s h  s e rp e n t in e  a re a s  h a s  b e e n  
s u g g e s te d .
T h e  h y p o th e s is  o f  lo n g  d is ta n c e  d is p e r s a l  o f the  in d ic a to r  s p e c ie s  to  
m in e  s i te s  h a s  b e e n  e v a lu a te d  as h a v e  s u g g e s t io n s  o f  " i n  s i t u "  s u r v iv a l  
s in c e  th e  L a te  G la c ia l  p e r io d .  A n  e x p la n a t io n  e n v is a g in g  s u r v iv a l  o f  th e  
in d ic a t o r  s p e c ie s  in  h e a v y  m e ta l  r é fu g ia  w i t h in  th e  o r e f ie ld s  w i th  s u b ­
s e q u e n t s p re a d  to  m in e  s i te s  h a s  b e e n  a d v a n c e d  a n d  c e r t a in  r é fu g ia  h a v e  
b e e n  id e n t i f ie d .  S o m e  e v id e n c e  f o r  lo c a l  d is a p p e a ra n c e  o f  M in u a r t ia  
v e r n a  a n d  T h la s p i  a lp e s t r e  s in c e  th e  c e s s a t io n  o f  m in in g  h a s  b e e n  fo u n d . 
T h e  s p o r a d ic  o c c u r r e n c e s  o f  c e r t a in  o f  th e  in d ic a to r  s p e c ie s  in  m e t a l ­
l i f e r o u s  h a b i ta ts  h a v e  b e e n  in v e s t ig a te d  a n d  e x p la n a t io n s  a d v a n c e d  f o r  
s o m e  o f  th e m . O n  s u b s t r a te s  d e r iv e d  f r o m  o r e  d e p o s its  in  th e  
C a r b o n i fe r o u s  L im e s to n e  c h e m ic a l  p a r a m e te r s  o f  th e  m e t a l l i f e r o u s  
e n v ir o n m e n t  h a v e  b e e n  fo u n d  to  e x p la in  o n ly  p a r t i a l l y  th e  d is t r ib u t io n  o f  
th e  in d ic a t o r  s p e c ie s .
A C  K N O W L E  D G M E  N T S
T h a n k s  a re  due to  m y  s u p e r v is o r ,  P r o f e s s o r  M . M . C o le ,  f o r  h e r  
a d v ic e  on  m a n y  o c c a s io n s  a n d  to  M r .  R . B ru n s d e n  f o r  h is  h e lp  in  th e  
la b o r a t o r y  w o r k .  M a n y  o th e r s  p r o v id e d  a s s is ta n c e  a t v a r io u s  t im e s ;  
to  th e m  I  a ls o  e x p re s s  m y  g r a t i t u d e .
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d e te r m in a t io n s  f r o m  S to c k  H i l l  T r .  1 120
5 . 6 P a r t i c le  s iz e  a n a ly s is  o f  s p o i l  f r o m  2 0 m  o n
S to c k  H i l l  T r .  1 121
C H A P T E R  6
6 . 1 S o d iu m , p o ta s s iu m ,  m a g n e s iu m  a n d  p h o s p h o ro u s
c o n c e n t r a t io n s  in  s p o i l  f r o m  2 0 m  o n  th e  R iv e r  
B r a d f o r d  T r .  1 129
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6 .2  P a r t i c le  s iz e  a n a ly s is  o f  a s a m p le  f r o m
2 2 m  o n  th e  R iv e r  B r a d f o r d  T r .  1 130
6 . 3 T h e  in c id e n c e  o f  M in u a r t ia  v e r n a  on  th e
R iv e r  B r a d f o r d  T r .  1 in  r e la t io n  to  the
C a /H M  r a t io  131
6 . 4  S o d iu m , p o ta s s iu m ,  m a g n e s iu m  a n d  p h o s p h o ro u s
c o n c e n t r a t io n s  in  s p o i l  f r o m  3 m  on
Y o u lg r e a v e  T r .  1 133
6 . 5 P a r t i c le  s iz e  a n a ly s is  o f  s p o i l  f r o m  5 m  on
Y o u lg re a v e  T r .  1 133
6 . 6  T h e  C a /H M  r a t io s  a t  3 m  in t e r v a ls  a lo n g
Y o u lg re a v e  T r .  1 134
6 .7  S o d iu m , p o ta s s iu m ,  m a g n e s iu m  a n d  p h o s p h o ro u s  
c o n c e n t r a t io n s  in  s p o i l  f r o m  4 m  o n  H ig h  R a k e
T r .  1 135
6 . 8  P a r t i c le  s iz e  a n a ly s is  o f  s p o i l  f r o m  6 m  o n  H ig h
R a k e  T r .  1 136
6 . 9 T h e  C a /H M  r a t io s  a t  2 m  in t e r v a ls  a n d  th e
In c id e n c e  o f  M in u a r t ia  v e r n a  o n  H ig h  R a k e  T r .  1 136
6 . 10 C a lc iu m  a n d  h e a v y  m e ta l  d e te r m in a t io n s  f r o m
s ite s  w i t h  one o r  m o r e  in d ic a t o r  s p e c ie s  in  the  
S o u th e rn  P e n n in e  o r e f ie ld  138
6 .1 1  p H , o r g a n ic  c a rb o n  a n d  C a /H M  d e te r m in a t io n s
a n d  th e  in c id e n c e  o f  M in u a r t ia  v e r n a  a n d  T h la s p i
a lp e  s t r e  a t  s i te s  in  th e  S o u th e rn  P e n n in e  o r e f ie ld  139
C H A P T E R  7
7 . 1 H e a v y  m e ta l ,  c a lc iu m  a n d  p H  d e te r m in a t io n s
a n d  th e  P b / Z n  a n d  C a /H M  r a t io s  o f  f lo o d  p la in
a l lu v iu m  f r o m  E l l e r  B e c k  163
7 .2  S o d iu m , p o ta s s iu m ,  m a g n e s iu m  a n d  o r g a n ic  
c a r b o n  d e te r m in a t io n s  a t  c e r t a in  s i te s  a lo n g
E l l e r  B e c k  164
7 , 3 H e a v y  m e t a l  le v e ls ,  c a lc iu m  c o n c e n t r a t io n s  a n d
th e  p H  o f  s t r e a m  b a n k  a l lu v iu m  f r o m  E l l e r  B e c k  165
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7 , 4  P a r t i c le  s iz e  a n a ly s e s  o f  a l lu v iu m  f r o m  th e
E l l e r  B e c k  f lo o d  p la in  1 3 7
7 . 5 R a t io s  b e tw e e n  c a lc iu m  a n d  h e a v y  m e ta l  f o r
th e  s p o t s a m p le  s o i ls  a t E l l e r  B e c k  c a lc u la te d
u s in g  d i f f e r e n t  a s s u m p t io n s  168
7 . 6  H e a v y  m e ta l  a n d  c a lc iu m  d e te r m in a t io n s  a n d
th e  C a /H M  r a t io  o f  s a m p le s  f r o m  E l l e r  B e c k  
T r .  9 172
7 .7  p H  v a lu e s  a t  6 m  in t e r v a ls  a lo n g  E l l e r  B e c k
T r .  6  177
7 . 8  H e a v y  m e ta l ,  c a lc iu m ,  C a /H M  r a t io  a n d  pH
d e te r m in a t io n s  f r o m  E l l e r  B e c k  T r .  1 181
7 . 9  S o d iu m , p o ta s s iu m ,  m a g n e s iu m  a n d  p h o s p h o ro u s  
d e te r m in a t io n s  a t  10m  in t e r v a ls  a lo n g  E l l e r
B e c k  T r .  1 181
7 .1 0  P a r t i c le  s iz e  a n a ly s e s  o f  s o i l  f r o m  tw o  s ite s
on  E l l e r  B e c k  T r .  1 182
7 .1 1  H e a v y  m e ta l ,  c a lc iu m ,  C a /H M  r a t io  a n d  pH
d e te r m in a t io n s  f r o m  D is h e r  F o r c e  T r .  5 184
7 .1 2  P a r t i c le  s iz e  a n a ly s is  o f  s p o i l  f r o m  18m  o n
D is h e r  F o r c e  T r .  5 286
7 .1 3  S o d iu m , p o ta s s iu m ,  m a g n e s iu m  a n d  p h o s p h o ro u s  
c o n c e n t r a t io n s  in  s p o i l  f r o m  18m  o n  D is h e r
F o r c e  T r .  5 186
7 .1 4  H e a v y  m e ta l ,  c a lc iu m ,  C a /H M  r a t io  a n d  p H
d e te r m in a t io n s  f r o m  T h a c k th w a ite  B e c k  T r .  2 187
7 .1 5  S o d iu m , p o ta s s iu m ,  m a g n e s iu m  a n d  p h o s p h o ro u s  
c o n c e n t r a t io n s  in  s p o i l  f r o m  5 m  on  T h a c k th w a ite
T r .  2 187
7 .1 6  P a r t i c le  s iz e  a n a ly s is  o f  s p o i l  f r o m  5 m  on
T h a c k th w a ite  B e c k  T r .  2 188
7 . 17 H e a v y  m e ta l ,  c a lc iu m ,  C a /H M  r a t io  a n d  p H
d e te r m in a t io n s  f r o m  H a w  B a n k  T r .  8 190
18 S o d iu m , p o ta s s iu m ,  m a g n e s iu m  a n d
p h o s p h o ro u s  c o n c e n t r a t io n s  in  s o i l  f r o m  2 0 m  
o n  H a w  B a n k  T r ,  8
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190
7 . 19 H e a v y  m e ta l ,  c a lc iu m ,  C a /H M  r a t io  a n d  pH
d e te r m in a t io n s  f r o m  I v y  S c a r  T r .  3 1 9 3
7 .2 0  P a r t i c le  s iz e  a n a ly s is  o f  s o i l  f r o m  14m  on
I v y  S c a r  T r .  3 I 9 3
7 .2 1  S o d iu m , p o ta s s iu m ,  m a g n e s iu m  a n d  
p h o s p h o ro u s  c o n c e n t r a t io n s  in  s o i l  f r o m  3 0 m
o n  I v y  S c a r  T r .  3 I 9 4
7 .2 2  H e a v y  m e ta l  c o n c e n t r a t io n s  in  s p o t s a m p le s
f r o m  th e  E l l e r  B e c k  r e g io n  195
C H A P T E R  8
8 . 1 C a lc iu m ,  C a /H M  r a t io  a n d  p H  d e te r m in a t io n s
f r o m  the  s p o i l  a r e a  o n  T w in b o t to m  S c a r  T r .  1 213
8 .2  S o d iu m , p o ta s s iu m ,  m a g n e s iu m  a n d
p h o s p h o ro u s  c o n c e n t r a t io n s  in  s p o i l  f r o m  5 6 m  
o n  T w in b o t to m  S c a r  T r ,  1 2 1 4
8 . 3 P a r t i c le  s iz e  a n a ly s is  o f  s p o i l  f r o m  5 4 m  o n
T w in b o t to m  S c a r  T r .  1 2 1 4
8 . 4  C a lc iu m ,  C a /H M  r a t io  a n d  p H  d e te r m in a t io n s
f r o m  th e  s p o i l  a r e a  o f  T w in b o t to m  S c a r  T r .  4 217
8 . 5 S o d iu m , p o ta s s iu m ,  m a g n e s iu m  a n d
p h o s p h o ro u s  le v e ls  in  s p o i l  f r o m  1 2 m  o n
T w in b o t to m  S c a r  T r .  4 . 217
8 . 6  P a r t i c le  s iz e  a n a ly s is  o f  s p o i l  f r o m  10m  on
T w in b o t to m  S c a r  T r .  4 217
8 .7  C a lc iu m ,  C a /H M  r a t io  a n d  p H  d e te r m in a t io n s
f r o m  th e  c l i f f  o n  T w in b o t to m  S c a r  T r .  5 220
8 . 8  S o d iu m , p o ta s s iu m ,  m a g n e s iu m  a n d  
p h o s p h o ro u s  d e te r m in a t io n s  o f  s o i l  f r o m  5 m
o n  T w in b o t to m  S c a r  T r .  5 ^31
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8 .9  S o d iu m , p o ta s s iu m ,  m a g n e s iu m  a n d  
p h o s p h o ro u s  c o n c e n t r a t io n s  a t  3 0 m  on
T w in b o t to m  S c a r  T r .  6 225
8 .1 0  C a lc iu m ,  s o d iu m , p o ta s s iu m ,  m a g n e s iu m  
a n d  p H  d e te r m in a t io n s  f r o m  th e  C a la m in e
M in e  T r .  8  2 2 9
8 .1 1  C a /H M  r a t io s  f o r  s p o i l  f r o m  th e  C a la m in e
M in e  T r .  8 230
8 .1 2  H e a v y  m e t a l  a n d  c a lc iu m  a n a ly s e s  f r o m  th e
C a la m in e  M in e  T r .  8 b . 230
8 .1 3  S o d iu m , p o ta s s iu m ,  m a g n e s iu m ,  p h o s p h o ro u s  
a n d  p H  d e te r m in a t io n s  f r o m  2 0 m  o n  th e
C a la m in e  M in e  T r .  8 b . 231
8 . 14 H e a v y  m e ta l ,  c a lc iu m  a n d  p H  d e te r m in a t io n s
f r o m  th e  G r iz e d a le  C o p p e r  M in e  T r .  9 233
8 . 15 H e a v y  m e ta l ,  c a lc iu m  a n d  p H  d e te r m in a t io n s
f r o m  s i te s  to  th e  w e s t  o f  th e  C o v e  R o a d  a t
M a lh a m  233
8 .1 6  H e a v y  m e ta l ,  c a lc iu m  a n d  C a /H M  r a t io
d e te r m in a t io n s  f r o m  P r o c t o r  H ig h  M a r k  T r .  1 235
8 . 17 S o d iu m , p o ta s s iu m ,  m a g n e s iu m ,  p h o s p h o ro u s ,
p H  a n d  o r g a n ic  c a r b o n  d e te r m in a t io n s  f r o m  6 m  
o n  P r o c t o r  H ig h  M a r k  T r .  1 236
8 . 18 H e a v y  m e ta l ,  c a lc iu m  a n d  C a /H M  r a t io
d e te r m in a t io n s  f r o m  s p o i l  o n  G r a s s in g to n
M o o r  237
8 . 19 S o d iu m , p o ta s s iu m  a n d  m a g n e s iu m  d e te r m in a t io n s
f r o m  S ite  4 o n  G r a s s in g to n  M o o r  237
8 .2 0  H e a v y  m e ta l ,  c a lc iu m  a n d  C a /H M  r a t io
d e te r m in a t io n s  f r o m  A p p le t r e e w ic k  S. 1 238
C H A P T E R  9
9 . 1 H e a v y  m e ta l ,  c a lc iu m ,  p H  a n d  o r g a n ic  c a rb o n
d e te r m in a t io n s  o f  s p o i l  f r o m  th e  s p o i l  h e a p
a t  S ite  1 245
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9 .2  C a lc iu m ,  s o d iu m , p o ta s s iu m ,  m a g n e s iu m
p h o s p h o ro u s  a n d  p H  d e te r m in a t io n s  f r o m  th e  
a n o m a lo u s  a re a s  on  D o lf r w y n o g  T r .  5 251
9 .3  P a r t i c le  s iz e  a n a ly s is  o f  s o i l  f r o m  7 6 m  on
D o l f r w y n o g  T r .  5 251
9 . 4  C o p p e r  c o n c e n t r a t io n s ,  o r g a n ic  m a t t e r  le v e ls  
a n d  th e  C u /O M  r a t io s  o f  s a m p le s  f r o m  th e
a n o m a lo u s  a re a s  o n  D o lf r w y n o g  B o g  T r .  5 253
9 . 5 p H  d e te r m in a t io n s  a t  in t e r v a ls  a lo n g  D o lf r w y n o g
B o g  T r .  1 255
9 . 6 C a lc iu m ,  s o d iu m , p o ta s s iu m ,  m a g n e s iu m ,
p h o s p h o ro u s  a n d  p H  d e te r m in a t io n s  f r o m  6 m  
o n  D o lf r w y n o g  B o g  T r .  2 258
9 .7  p H  v a lu e s  in  th e  39 to  6 0 m  r e g io n  o n  D o lf r w y n o g
B o g  T r .  2 2 5 9
9 .8  T h e  C u /O M  r a t io s  o f  s o i l  f r o m  th e  35 to  6 0 m
r e g io n  o n  D o lf r w y n o g  B o g  T r .  3 263
9 . 9  C a lc iu m ,  s o d iu m , p o ta s s iu m ,  m a g n e s iu m ,  
p h o s p h o ro u s  a n d  p H  d e te r m in a t io n s  f r o m  th e
r o a d  a t  106m  o n  T r .  3 2 6 4
C H A P T E R  10
1 0 . 1 H e a v y  m e ta l ,  c a lc iu m  a n d  p H  d e te r m in a t io n s
f r o m  P ie c e  T r .  1 269
1 0 .2  P a r t i c le  s iz e  a n a ly s is  o f  s p o i l  f r o m  6 m  on
P ie c e  T r .  1 270
1 0 . 3 H e a v y  m e ta l ,  c a lc iu m  a n d  pH  d e te r m in a t io n s
f r o m  s p o i l  h e a p s  in  th e  C a m b o r n e - R e d r u th  
d i s t r i c t .  270
1 0 .4  H e a v y  m e ta l ,  c a lc iu m ,  p H  a n d  o r g a n ic  c a rb o n
a n a ly s is  o f  a l lu v iu m  f r o m  th e  f lo o d p la in  o f  th e
A fo n  Y s tw y th  ^7 2
1 0 .5  H e a v y  m e ta l ,  c a lc iu m ,  p H  a n d  o r g a n ic  c a r b o n
d e te r m in a t io n s  f r o m  th e  H a fn a  L e a d  M in e  T r .  1 276
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1 0 . 6  H e a v y  m e ta l ,  c a lc iu m ,  p H  a n d  o r g a n ic  c a rb o n
d e te r m in a t io n s  f r o m  s p o i l  w i t h  T .  a lp e s t r e  
in  th e  L la n r w s t  o r e f ie ld  277
1 0 .7  H e a v y  m e ta l ,  c a lc iu m ,  pH  a n d  o r g a n ic  c a rb o n
d e te r m in a t io n s  f r o m  s p o i l  w i th o u t  T .  a lp e s t r e  
i n  th e  L la n r w s t  o r e f ie ld  278
1 0 . 8  H e a v y  m e ta l ,  c a lc iu m  a n d  C a /H M  r a t io
d e te r m in a t io n s  o f  s p o i l  f r o m  H a lk y n  M o u n ta in
T r .  1 280
1 0 .9  S o d iu m , p o ta s s iu m ,  m a g n e s iu m ,  p h o s p h o ro u s
a n d  p H  d e te r m in a t io n s  f r o m  5 m  o n  H a lk y n  
M o u n ta in  T r .  1 281
10 . 10 H e a v y  m e ta l ,  c a lc iu m  a n d  C a /H M  r a t io
d e te r m in a t io n s  f r o m  H a lk y n  M o u n ta in  T r .  2 281
1 0 .1 1  H e a v y  m e ta l ,  c a lc iu m  a n d  C a /H M  r a t io
d e te r m in a t io n s  f r o m  G a r r i g i l l  T r .  1 286
1 0 . 12 S o d iu m , p o ta s s iu m ,  m a g n e s iu m ,  p h o s p h o ro u s
a n d  p H  d e te r m in a t io n s  f r o m  G a r r i g i l l  T r .  1 286
1 0 . 13 P a r t i c le  s iz e  a n a ly s is  o f  s p o i l  f r o m  2 m  o n
G a r r i g i l l  T r .  1 287
10 . 14 H e a v y  m e ta l ,  c a lc iu m  a n d  C a /H M  r a t io
d e te r m in a t io n s  f r o m  G a r r i g i l l  T r .  2 287
1 0 .1 5  S o d iu m , p o ta s s iu m ,  m a g n e s iu m ,  p h o s p h o ro u s
a n d  p H  d e te r m in a t io n s  f r o m  G a r r i g i l l  T r .  2 287
C H A P T E R  11
1 1 .1  T h e  ra n g e s  o f  le a d  a n d  z in c  c o n c e n t r a t io n s  in
s p o i l  on  w h ic h  M . v e r n a  g ro w s  in  th e  v a r io u s  
o r e f ie ld s  293
1 1 .2  P o ta s s iu m ,  m a g n e s iu m  a n d  p h o s p h o ro u s  
d e te r m in a t io n s  o f  s p o i l  f r o m  th e  v a r io u s  o r e f ie ld s  297
1 1 .3  E s t im a te d  a g e s  o f  th e  s p o i l  h e a p s 299
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T H E  E C O L O G IC A L  A N D  G E O L O G IC A L  
B A C K G R O U N D , T H E  A IM S  O F  T H E  
IN V E S T IG A T IO N  A N D  T H E  M E T H O D S  
O F  S T U D Y
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C H A P T E R  1
IN D IC A T O R  P L A N T S ,
T H E  E C O L O G Y  O F  M E T A L L IF E R O U S  H A B IT A T S
A N D
T H E  A IM S  O F  T H E  S T U D Y
1. 1_______ T h e  in d ic a t o r  c o n c e p t
I n d ic a t o r  p la n ts  a re  e s s e n t ia l l y  p la n ts  d ia g n o s t ic  o f  p a r t i c u la r  
e n v i r o n m e n ta l  c o n d i t io n s .  T h e y  h a ve  b e e n  r e c o g n is e d  in  v a r io u s  
c o n te x ts  f o r  a c o n s id e r a b le  p e r io d  o f  t im e .  P la n t  c o m m u n it ie s  
a n d  s p e c ie s  in d ic a t iv e  o f  c a lc a r e o u s  a n d  s a l in e  a re a s  h a ve  lo n g  
b e e n  k n o w n  a n d  C h ik is e v  (1965) m e n t io n s  th e  u se  in  R u s s ia  o f  
in d ic a t o r  s p e c ie s  to  f in d  w a te r '.  M a ly u g a  (1964) s ta te s  th a t  the  
in h a b i ta n ts  o f  C e n t r a l  A f r i c a  a re  g u id e d  to  s p r in g s  b y  th e  p re s e n c e  
o f  A c a c ia  g la n d u l i f e r a  S c h in z  a n d  C a n n o n  (1971) o u t l in e s  a w a te r  
f in d in g  u se  f o r  A c a c ia  g r e g g i i  A .  G r a y  a n d  P r o s o p is  j u l i f l o r a  
D . C .  in  th e  S o u th  W e s te r n  U n ite d  S ta te s .  A c c o r d in g  to  C a n n o n  (1971) 
s a l t  d o m e s  h a ve  b e e n  lo c a te d  b y  R u s s ia n  w o r k e r s  u s in g  th e  
s a l t w o r t ,  S a ls o la  n i t r a r i a  P a l l .  T h is  s p e c ie s  in d ic a te d  s a l t  d o m e s  
a t d e p th s  o f  500 m e t r e s .  T h e r e  is  a ls o  a c o n s id e r a b le  v o lu m e  o f  
l i t e r a t u r e  o n  s e rp e n t in e  a n d  g y p s u m  in d ic a to r s  a n d  c la im s  have  
b e e n  m a d e  th a t  c e r t a in  s p e c ie s  m a y  in d ic a te  g o ld  a n d  d ia m o n d s  
(C a n n o n , 1971).
In  c e r t a in  a re a s  s p e c ie s  c h a r a c t e r i s t i c  o f  h e a v y  m e ta l  s o i ls  w e re  
n o t ic e d  b y  e a r ly  n a t u r a l is t s  a n d  o th e r  in t e r e s te d  o b s e r v e r s .  
A c c o r d in g  to  B r o o k s  (1972) th e  z in c  f l o r a  o f  B e lg iu m  a n d  W e s te r n  
G e rm a n y  ha s  b e e n  k n o w n  f o r  w e l l  o v e r  100 y e a r s ,  a n d  L y c h n is  
a lp in a  L .  , a c o p p e r  in d ic a t o r ,  a p p e a rs  to  h a ve  b e e n  u s e d  b y  m in e r s  
in  m e d ie v a l  S c a n d in a v ia  (V o g t ,  1942 ). F a r e y  (1811-17), q u o te d  in  
R a i s t r i c k  a n d  J e n n in g s  (1965 ), w r i t e s  o f  th e  a s s o c ia t io n  o f
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C a m p a n u la  r o  tu n  d i f o l ia  L .  w i t h  m in e  h i l lo c k s  a n d  s m e l t in g  s i te s  in  
th e  P e n n in e s .  H e d e s c r ib e s  th e  s p e c ie s  a s  a " d im in u t iv e  p la n t  w h ic h  
m y  w o r t h y  p a t r o n ,  S i r  J o s e p h  B a n k s ,  ha s  o b s e rv e d  to  be p e c u l ia r  
to  s p o ts  w h e re  le a d  a b o u n d s  in  the  s o i l .  "  M in u a r t ia  v e r n a  ( L ,  )
H ie r n  w a s  b y  1588, a l r e a d y  r e c o g n is e d  as a m e ta l  in d ic a t o r  s p e c ie s  
in  E u r o p e  ( T h a l iu s ,  1588, c i te d  b y  E r n s t ,  1965) and  H e n w o o d  (1857) 
o b s e r v e d  th a t  a t  D o l f r w y n o g  in  W a le s  " P e r s o n s  c o n v e r s a n t  w i t h  th e  
c o p p e r  t u r b a r ie s  c o n s id e r  the  p re s e n c e  o f  m e ta l  in  th e  s o i l  
in d ic a te d  b y  th e  g r o w th  o f  th e  Sea P in k  o r  T h r i f t  (A r m e r ia  m a r i t im a  
( M i l l e r )  W i l ld ) ,  w h ic h  a p p e a rs  to  f l o u r i s h  th e re  w i t h  r e m a r k a b le  
lu x u r ia n c e .  "
I n d ic a t o r  s p e c ie s  h a v e  b e e n  e m p lo y e d  m o r e  s y s t e m a t ic a l ly  in  r e c e n t  
y e a r s .  B e c iu m  h o m b le  (D e W ild )  D u v ig n  a n d  P la n c k e  h a s  b e e n  u s e d  
in  Z a m b ia  to  d is c o v e r  c o p p e r  d e p o s its  ( H o r iz o n  1959) a n d  P u lo u  e t  a l  
(1965) e m p lo y e d  A r m e r ia  h a l l e r i  W a l l r .  a n d  H u tc h in s ia  a lp in a  ( L .  ) R . B r ,  
in  th e  P y re n e e s  to  f in d  th e  s i te s  o f  o ld  m in e s  a n d  to  d is c o v e r  n e w  
a r e a s  o f  m in e r a l i s a t io n .  C o le  e t  a l  (1968) h a v e  u s e d  P o ly c a rp a e a  
s y n a n d ra  F .  M u e  11 v a r .  g r a c i l i s  B e  n th .  in  th e  B u lm a n  a r e a  o f  
N o r t h e r n  A u s t r a l i a  to  lo c a te  le a d - z in c  a n o m a lie s  a n d  N ic o l l  s e t  a l  
(1965) in  th e  D u g a ld  R iv e r  a r e a  o f  Q u e e n s la n d  s h o w e d  P o ly c a r p a e a  
g la b r a  C . T .  W h ite  a n d  F r a n c is  a n d  a T e p h r o s ia  s p e c ie s  to  be 
in d ic a t iv e  o f  m in e r a l i s e d  a r e a s .  C a n n o n  (1964) w o r k in g  in  the  Y e l lo w  
C a t  D i s t r i c t  U ta h  a n d  u s in g  A s t r a g a lu s  s p p . , lo c a te d  u r a n iu m  o re  
b o d ie s  m is s e d  b y  a d r i l l i n g  p r o g r a m m e .
C a n n o n  ( i9 6 0 ,  1971) M a ly u g a  (1964 ), A n to n o v ic s  e t  a l  (1971) a n d  
B r o o k s  (1972) h a v e  a l l  p ro d u c e d  ta b le s  o f  the  v a r io u s  p la n t  s p e c ie s  
e m p lo y e d  as  in d ic a t o r s  a ro u n d  th e  w o r ld .  B r o o k s  (1972 ), l i k e  the  
o th e r  a u th o r s ,  m a k e s  a d is t in c t io n  b e tw e e n  " u n iv e r s a l "  a n d  " l o c a l "  
in d ic a t o r  s p e c ie s .  H e d e f in e s  th e  u n iv e r s a l  in d ic a to r s  as  s p e c ie s  
w h ic h  w i l l  n o t  g r o w  in  n o n - m in e r a l is e d  s u b s t r a te s  a n d  w h ic h  c a n  be 
u s e d  as  in d ic a t o r s  in  a n y  r e g io n  in  w h ic h  th e y  o c c u r .  He p o in ts  o u t 
t h a t  th e  g r e a te s t  s u c c e s s e s  in  g e o b o ta n y  h a v e  b e e n  o b ta in e d  w i th  
th e  a id  o f  s u c h  s p e c ie s .  T h e  lo c a l  in d ic a to r s  a r e ,  a c c o r d in g  to  
B r o o k s  (1972), s p e c ie s  a d a p te d  to  T o le r a t in g  m in e r a l is e d  g ro u n d  b u t 
w h ic h  w i l l  a ls o  g r o w  e ls e w h e r e ,  p r o v id in g  th e  c o m p e t i t io n  f r o m  
o th e r  s p e c ie s  is  n o t  to o  g r e a t .
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L a m b in o n  a n d  A u q u ie r  (1964) in t r o d u c e d  a s i m i l a r  c la s s i f i c a t io n  f o r  
th e  m e ta l lo p h y te  v e g e ta t io n  o f  th e  A a c h e n -L ie g e ^ '* ' a r e a  o f  N o r th  W e s t 
E u r o p e ,  T h e y  d is t in g u is h  a b s o lu te  m e ta l lo p h y te s , ta x a  fo u n d  on  
m e t a l  c o n ta m in a te d  s o i ls  o v e r  a l l  t h e i r  d is t r ib u t io n  a n d  V io la  
c a la m in a r ia  L e  j .  , T h la s p i  a lp e  s t r e  L .  s s p . c a la m in a r e  ( L e j .  )
M a r k g r .  a n d  M in u a r t ia  v e r n a  ( L ,  ) H ie r n  v a r .  he r  c y n ic  a ( W i l l k .  ) 
F r i e d r .  a r e  t h e i r  e x a m p le s .  T h e y  a ls o  d is t in g u is h  lo c a l  m e t a l ­
lo p h y te  s , fo u n d  o n ly  o n  m e t a l  c o n ta m in a te d  s o i l  w i t h in  a g iv e n  
r e g io n  b u t  a ls o  o c c u r r in g  in  a  p h y to - g e o g r a p h ic a l ly  d is t in c t  n o n  c o n ­
ta m in a te d  a re a .  A rm e ra , m a r i t im a  is  one o f  th e s e .
T h e  c o m p i la t io n  o f  l i s t s  o f  u n iv e r s a l  a n d  lo c a l  in d ic a t o r  s p e c ie s  
a p p e a rs  to  be a t a s k  f r a u g h t  w i t h  d i f f i c u l t y ,  e s p e c ia l ly  so  in  th e  ca se  
o f  th e  u n iv e r s a l  in d ic a t o r s .  A  c r i t i c a l  a s s e s s m e n t  o f  th e  s ta tu s  o f  
th e  u n iv e r s a l  in d ic a to r s  o f  th e  w o r ld  w i l l  n o t  be a t te m p te d  h e re  b u t 
e x a m p le s  w i l l  be s e le c te d  f r o m  th e  l i t e r a t u r e  to  i l l u s t r a t e  th e  ty p e s  
o f  p r o b le m s  w h ic h  a r is e .
I n  th e  c a s e  o f  B e c iu m  h o m b le i ,  c o n s id e r e d  b y  s o m e  to  be a u n iv e r s a l  
in d ic a t o r  o f  c o p p e r ,  th is  im p r e s s io n  s e e m s  to  h a ve  r e s u l t e d  f r o m  
in s u f f i c ie n t  k n o w le d g e  o f  th e  d is t r ib u t io n  o f  th e  s p e c ie s .  R e c e n t 
w o r k  b y  H o w a rd  W i l l ia m s  (1970) ha s  s h o w n  the  p la n t  to  o c c u r  w id e ly  
o n  n o n  c u p r i f e r o u s  s o i ls  in  Z a m b ia  a n d  to  be n o t  e n t i r e l y  r e s t r i c t e d  
to  c u p r i f e r o u s  s o i ls  in  R h o d e s ia .
A  s i m i l a r  ca s e  is  th a t  o f  L y c h n is  a lp in a  in  E u r o p e .  B r o o k s  (1972) 
l i s t s  th e  s p e c ie s  as  a u n iv e r s a l  in d ic a to r  o f  c o p p e r  c i t in g  V o g t  (1942) 
a s  th e  a u t h o r i t y .  H o w e v e r  in  h is  p a p e r  V o g t  (1942) n o te s  th e  o c c u r r ­
e n c e  o f  th e  s p e c ie s  o n  s e rp e n t in e  a n d  d u n ite  in  a d d i t io n  to  c u p r i ­
f e r o u s  p y r i t e  d e p o s its  a n d  P e r s s o n  (1956) s ta te s  th a t  L .  a lp in a , fo u n d
*  T h e  h e a v y  m e ta l  c o m m u n it ie s  o f th e  A a c h e n - L ie g e  a r e a  p r e s e n t  a 
p r o b le m .  I n  th e  50 k m  f r o m  A a c h e n  to  L ie g e  th e  c o m m u n it ie s  o c c u r  
in  B e lg iu m ,  H o l la n d  a n d  G e rm a n y  ( F ig .  4. 1). H e im a n s  ( I9 6 0 ) r e f e r s  
p r i m a r i l y  to  th e  c o m m u n it ie s  in  the  N e th e r la n d s  w h i le  L a m b in o n  a n d  
A u q u ie r  (1964) d e a l t  w i t h  th e  m e t a l l i f e r o u s  s i te s  in  B e lg iu m .  In  th e  
a c c o u n t  o f  th e  w o r k  o f  th e  v a r io u s  a u th o r s  I  s h a l l  r e i e r  to  the p a r t i c u la r  
a r e a  in  w h ic h  th e y  w e re  \ o r k i n g  b u t a ls o  ta k e  s o m e  o f t h e i r  s ta te m e n ts  
to  h a v e  a r e g io n a l  a p p l i c a b i l i t y .  I  s h a l l  g e n e r a l ly  r e f e r  to  th e  m in e r a l  
f i e l d  a s  th e  A a c h e n - L ie g e  a r e a .
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to  be a g o o d  in d ic a t o r  o f  n ic k e l  in  N o r t h e r n  F in la n d  b y  T a n n e r  (1930) is  
c h a r a c t e r i s t i c  o f ,  b u t  n o t  l im i t e d  to ,  o u tc ro p s  o f  c o p p e r ,  i r o n  a n d  z in c  
o r e s  i n  S c a n d in a v ia ,  L .  a lp in a  is  a ls o  k n o w n  f r o m  s e rp e n t in e  r o c k s  in  
S c o t la n d  ( P r o c t o r ,  1969).
F o r  c e r t a in  o th e r  E u ro p e a n  s p e c ie s  th e  p r o b le m  o f  the  d e s ig n a t io n  o f  
a  s p e c ie s  u n iv e r s a l  o r  lo c a l  in d ic a t o r  is  a g g ra v a te d  b y  a c o n fu s e d  
ta x o n o m ic  s i t u a t io n .  I n  th e  c a s e  o f  th e  s u p p o s e d ly  u n iv e r s a l  in d ic a t o r  
s p e c ie s  o f  z in c ,  V io la  c a la m in a r ia , F lo r a  E u ro p a e a  (1968) s u g g e s ts  
th a t  th e  s p e c ie s  is  b e s t  r e g a r d e d  as  a v a r ie t y  o f  V .  t r i c o l o r  L .  s s p . 
s u b a lp in a  G a u d in , a p la n t  o f  m e a d o w s  a n d  s c re e s  in  S o u th e rn  a n d  
C e n t r a l  E u r o p e .  H e im a n s  ( I9 6 0 )  h a s  a ls o  c o n s id e r e d  the  ta x o n o m ic  
p o s i t io n  o f  V .  c a la m in a r ia  a n d  r e g a r d s  th e  p la n t  to  be m o r e  c lo s e ly  
r e la t e d  to  V .  a lp e s t r is  B e c k e r  ( p r o b a b ly  a s y n o n y m  f o r  V .  t r i c o l o r  
s s p .  s u b a lp in a ) th a n  to  th e  s p e c ie s  V .  lu te  a H u d s o n  w i t h  w h ic h  
e a r l i e r  ta x o n o m ic  o p in io n  h a d  a s s o c ia te d  i t .  S c h w ic k e r a th  (1931) w a s  
a n  a d h e r e n t  o f  th e  l a t t e r  t a x o n o m ic  v ie w p o in t  a n d  V .  lu te  a is  in c lu d e d  
i n  c e r t a in  l i s t in g s  o f  u n iv e r s a l  in d ic a t o r  p la n ts ,  w h e re  i t  a lm o s t  
c e r t a in l y  s h o u ld  n o t b e , w i t h  S c h w ic k e r a th  (1931) c i te d  as  th e  a u th o r i t y .
T h e  c a s e  o f  th e  E u r o p e a n  u n iv e r a l  in d ic a t o r  s p e c ie s  o f  z in c ,
T h la s p i  c a la m in a r e  (L e  j  . ) L e  j .  a n d  C o u r t ,  l i s t e d  in  th e  ta b le  in  
B r o o k s  (1972) is  v e r y  s im i l a r .  T h e  m o s t  m o d e r n  ta x o n o m ic  o p in io n ,  
t h a t  o f  F lo r a  E u ro p a e a  (1964) s u g g e s ts  th e  " s p e c ie s "  to  be o n ly  a 
l o c a l  v a r ia n t ,  g iv e n  s p e c i f ic  r a n k ,  o f  th e  m o r e  w id e s p r e a d  p la n t  
T .  a lp e s t r e  L ,
I t  w o u ld  a p p e a r  t h e r e fo r e  th a t ,  f o r  c e r t a in  s p e c ie s ,  f a c to r s  s u c h  as  
c o n fu s e d  ta x o n o m y ,  r e s t r i c t i o n  o f  in v e s t ig a t io n  to  one  a r e a  o r  c o u n t r y  
a n d  in s u f f i c ie n t  k n o w le d g e  o f  d is t r ib u t io n ,  d ic ta te  th a t  th e r e  m u s t  be 
d o u b t  a b o u t th e  c la im s  th a t  th e s e  p la n ts  a re  u n iv e r s a l  in d ic a to r s .
O n  th e  o th e r  h a n d  e n d e m is m  o n  h e a v y  m e ta l  s o i ls  h a s  b e e n  r e p o r te d  
b y  D u v ig n e a u d  a n d  D e n a e y e r  de S m e t (1963) a f t e r  .e x te n s iv e  s tu d ie s  
o f  th e  c o p p e r  v e g e ta t io n  o f  K a ta n g a , a n d  t h e i r  e n d e m ic  s p e c ie s ,  w h ic h  
a r e  o f  c o u r s e  u n iv e r s a l  in d ic a t o r s ,  a p p e a r  s o u n d ly  e s ta b l is h e d .
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M a n y  p la n t  s p e c ie s  h a v e  f o r m s  a d a p te d  to  th e  h e a v y  m e ta l  e n v ir o n m e n t .  
S c h w a n itz  a n d  H a h n  (1954) s h o w e d  h e a v y  m e ta l  t o le r a n t  e c o ty p e s  o f  
C a m p a n u la  r o t u n d i f o l i a , L in u m  c a th a r t ic u m  L .  , R u m e x  a c e to s a  L .  
a n d  P la n ta g o  la n c e o la ta  L .  to  o c c u r  o n  m e t a l l i f e r o u s  lo c a l i t i e s  n e a r  
B la n k e n r o d e  in  G e rn ra n y  a n d  H e im a n s  (1960) m e n t io n s  th e  o c c u r r e n c e  
o f  e c o ty p e s  o f  P o ly  g a l a v u lg a r is  L .  a n d  R a n u n c u lu s  a c r is  L .  on  to x ic  
s i t e s  in  B e lg iu m .
H a l l id a y  ( I9 6 0 )  r e p o r te d  L in u m  c a th a r t ic u m , G a l iu m  s t e r n e r i  
E h r e n d o r f e r  a n d  B r i z a  m e d ia  L .  f r o m  le a d  t ip s  in  th e  N o r th e r n  
P e n n in e s  a n d  la r g e  n u m b e rs  o f  s p e c ie s  a re  k n o w n  f r o m  s o i ls  e ls e ­
w h e r e  r i c h  in  h e a v y  m e ta l .  In  R h o d e s ia  a lo n e  W i ld  (1968) id e n t i f ie d  
4 3 6  A n g io s p e r m s  f r o m  c o p p e r  s o i ls ,  a lth o u g h  he d id  n o t p r e s e n t  
m u c h  e v id e n c e  r e la t in g  to  th e  c o p p e r  c o n c e n t r a t io n  o f  th e s e  s o i ls .
M a n y  o f  th e  s p e c ie s  o f  W i ld  (1968) a n d  o th e r  w o r k e r s  a re  c o m m o n  
c o n s t i tu e n ts  o f  th e  r e g io n a l  f l o r a  a n d  c a n n o t e a s i ly  be u s e d  to  p r o s p e c t  
f o r  o re  d e p o s its .  T h e r e fo r e ,  f r o m  a s u b s ta n t ia l  g lo b a l  b o d y  o f  h e a v y  
m e t a l  t o le r a n t  s p e c ie s ,  in v e s t ig a to r s  h a v e  s e le c te d  a n u m b e r  o f  
in d ic a t o r  p la n ts ;  s p e c ie s  w h ic h  h a v e  b e e n  u s e d  o r  w h ic h  th e y  b e l ie v e d  
m ig h t  be u s e d  in  p r o s p e c t in g  f o r  o re  d e p o s its .  T h e  r e c e n t  p u b l ic a t io n s  
b y  A n to n o v ic s  e t  a l  (1971) a n d  B ro o k s  (1972) c o n ta in  ta b le s  o f  p la n ts  
k n o w n  to  h a v e  b e e n  u s e d  in  p r o s p e c t in g .  T h e  ta b le  in  A n to n o v ic s  e t  a l  
(1971) c o n ta in s  22 s p e c ie s ,  th a t  in  B r o o k s  (1972) 62 s p e c ie s .  T h e  
d i f f e r e n c e  is  p a r t i a l l y  e x p l ic a b le  in  th a t  th e  ta b le  in  B r o o k s  (1972) 
in c lu d e s  s e le n iu m ,  i r o n  a n d  o th e r  s u b s ta n c e s  n o t  c o n s id e r e d  b y  
A n to n o v ic s  e t  a l  (1971) b u t  th e r e  s t i l l  o c c u r  in  th e  ta b le  in  B r o o k s  (1972) 
a  n u m b e r  o f  s p e c ie s  w h ic h  a re  n o t  p r e s e n t  in  th e  l i s t  o f  A n to n o v ic s  
e t  a l  (1971). O f  th e s e  s o m e  a re  in c lu d e d  in  a f u r t h e r  ta b le  in  
A n to n o v ic s  e t  a l  (1971) e n t i t le d  " p la n ts  th a t  h a v e  b e e n  c i te d  as  in d ic a to r s  
b u t  f o r  w h ic h  th e r e  is  n o  c le a r  c u t  e v id e n c e  th a t  th e y  h a ve  b e e n  u s e d  
in  p r o s p e c t in g " .  S im i la r  p r o b le m s  a t te n d  th e  c o m p a r is o n  o f  th e  
ta b le s  o f  C a n n o n  ( i9 6 0 ,  1971) a n d  M a ly u g a  (1964 ).
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B r o o k s  (1972) o u t l in e s  th e  n a tu r e  o f  th e  d i f f i c u l t y  e x p e r ie n c e d  b y  a l l  
th e  a b o v e  w o r k e r s .
" N u m e r o u s  r e fe r e n c e s  to  in d ic a t o r  p la n ts  ha ve  b e e n  
m a d e  d u r in g  th e  p a s t  150 y e a r s ,  b u t th e  c o m p i le r  o f  
a ta b le  o f  th e m  is  im m e d ia te ly  c o n f r o n te d  w i t h  th e  
p r o b le m  o f  w h a t  to  in c lu d e  in  the  l i s t i n g .  I t  is  n o t  
p a r t i c u l a r l y  im p o r t a n t  to  a d o p t as  a c r i t e r i o n  th e  f a c t  
th a t  a p la n t  has  o r  h a s  n o t b e e n  u s e d  in  p r o s p e c t in g  
w o r k  o r  th a t  th e  r e s u l t s  h a ve  o r  h a ve  n o t  b e e n  
s u c c e s s fu l ,  s in c e  i f  a p la n t  is  a t r u e  in d ic a t o r  o f  
m in e r a l i s a t io n ,  th e  p o te n t ia l  is  a lw a y s  p r e s e n t .  A  
f a r  m o r e  s e r io u s  p r o b le m  is  a s s e s s m e n t  o f  the  
c r e d i b i l i t y  o f  a n  a u th o r 's  c la im s  a b o u t a g iv e n  s p e c ie s .  
S o m e t im e s  c la im s  a r e  lo s t  in  a n t iq u i t y  a n d  a re  l i t t l e  
m o r e  th a n  f o l k l o r e .  "
H e a v y  m e ta l  in d ic a t o r  p la n ts ,  in  t e r m s  o f  th e  c o n v e n t io n a l u s a g e , 
a p p e a r  g e n e r a l ly  to  be s p e c ie s  w h ic h  o c c u r  o v e r  m in e r a l i s a t io n  
a n d  p o s s e s s  a d is ju n c t  d i s t r i b u t io n  in  r e s p e c t  o f  m in e r a l is a t io n ,  
a n d ,  o r ,  s o m e  f o r m  o f m o r p h o lo g ic a l  v a r ia t io n  o v e r  m in e r a l is a t io n ,  
th e s e  fe a tu r e s  e n a b lin g  th e  in v e s t ig a t o r ,  o r  le a d in g  h im  to  s u p p o s e  
th a t  he w o u ld  be a b le  to  lo c a te  o r e  b o d ie s  b y  th e  u s e  o f  th e  p la n ts .
H e re  th e  t e r m  in d ic a t o r  p la n t  w i l l  be u s e d  as  a s h o r th a n d  s ty le  f o r  
c e r t a in  s p e c ie s  o i  p la n ts  o f  d is ju n c t  d is t r ib u t io n  o n  m e t a l l i f e r o u s  
s o i ls  in  B r i t a i n  a n d  N o r t h  W e s t  E u r o p e .  T h e  p a s t  u s e  a n d  th e  
p o te n t ia l  u se  o f  th e  B r i t i s h  in d ic a t o r  s p e c ie s  in  m in e r a l  e x p lo r a t io n  
w i l l  u l t im a t e ly  be  a s s e s s e d ;  i n  s o m e  w a y s  th is  is  a n  a s s e s s m e n t  
o f  th e  j u s t i f i c a t i o n  o f  th e  u s e  o f  th e  t e r m  in d ic a t o r  s p e c ie s  in  
r e la t io n  to  th e s e  p la n ts .
1 . 2_______ T h e  s im i l a r i t i e s  b e tw e e n  m e t a l l i f e r o u s  a n d  s e rp e n t in e  h a b ita ts
R u n e  (1953) n o t ic e d  th e  f l o r a l  s i m i l a r i t y  b e tw e e n  c e r t a in  m e ta l l i f e r o u s  
s p o i l  h e a p s  a n d  s e rp e n t in e  a r e a s  in  S c a n d in a v ia .  H e n o te d  th a t  
L y c h n is  a lp in a  w a s  a b u n d a n t o n  th e  n ic k e l  a n d  z in c  o re s  a n d  w a s  a ls o  
a  s e r p e n t in e  s p e c ie s .  H e  w r i t e s  o f  v i s i t i n g  th e  S to l lb e r g  M in e s  a t  
N o r r b a r k e  a n d  f in d in g  th e re  L .  a lp in a , R u m e x  a c e to s a  a n d  A g r o s t is  
c a n in a  L .  g r o w in g  to g e t ’ e r  on  th e  o re  o u tc r o p s  a n d  s la g  h e a p s ,
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m a t e r ia ls  c o n ta in in g  i r o n ,  le a d  a n d  z in c .  He s ta te s  he e n c o u n te re d  a 
p la n t  c o m m u n it y  c o n fu s in g ly  l i k e  one f r o m  s e r p e n t in e .  R u n e  (1953) 
c i t e s  c e r t a in  c h a r a c t e r i s t i c s  o f  th e  s e r p e n t in e  f l o r a  o f  N o r th  S w e d e n  
w h ic h  he fe e ls  a re  a ls o  " c o m m o n  to , a t  le a s t  a l l  th e  n o r t h e r n  
s e r p e n t in e  f l o r a s " .
1) T h e  s e rp e n t in e  f l o r a  is  r e la t i v e l y  p o o r  in  in d iv id u a ls  as 
w e l l  a s  in  s p e c ie s .
2 ) In  s e rp e n t in e  lo c a l i t i e s ,  s e v e r a l  s p e c ie s  a r e  r e p r e s e n te d  b y  
c e r t a in  ra c e s  (e c o ty p e s )  d i f f e r in g  e c o lo g ic a l ly  a n d , s o m e ­
t im e s ,  a ls o  m o r p h o lo g ic a l ly  f r o m  t h e i r  o r ig in a l  ty p e s .
3) M a n y  p la n ts  a p p e a r  v e r y  d is ju n c t iv e ly  in  s e rp e n t in e  lo c a l i t ie s ,
4) T h e  s e rp e n t in e  f l o r a  c o n ta in s  b a s ic o lo u s  as  w e l l  as a c id i -  
c o lo u s  p la n ts  w h ic h  o f te n  g r o w  to g e th e r .
5) T h e  s e rp e n t in e  f l o r a  h a s  a r e la t i v e l y  x e r o p h y t ic  c h a r a c te r .
6 ) T h e  s e rp e n t in e  f l o r a  is  o f te n  d o m in a te d  b y  c e r t a in  f a m i l ie s  
o r  g e n e ra  e . g . C a r y o p h y l la c e a e  in  N o r th  E u ro p e  a n d  E a s te r n  
N o r t h  A m e r ic a .
O th e r  w o r k e r s  h a ve  r e m a r k e d  u p o n  th e  s im i l a r i t i e s  in  b o th  f l o r a l  
a n d  e c o lo g ic a l  r e s p e c ts  b e tw e e n  s e r p e n t in e  a n d  h e a v y  m e ta l  r i c h  s o i ls  
a n d  a s  s o m e  a s p e c ts  o f  s e rp e n t in e  r e s e a r c h  s e e m  r e le v a n t  to  h e a v y  
m e t a l  c o m m u n it ie s  c e r t a in  s e c t io n s  o f  the  h e a v y  m e ta l  p la n t  
l i t e r a t u r e  w i l l  be r e v ie w e d  in  r e s p e c t  to  th e  c r i t e r i a  o f  R u n e  (1953).
A n  i n i t i a l  d i f f i c u l t y  is  im m e d ia te ly  a p p a re n t .  E u ro p e a n  w o r k e r s  s u c h  
a s  S c h w ic k e r a th  (1931), L a m b in o n  a n d  A u q u ie r  (1964) a n d  B ra d s h a w  
(1952) h a v e  w o r k e d  on  m in in g  s p o i l  o r  in  e n v ir o n m e n ts  a f fe c te d  to  
v a r y in g  d e g re e s  b y  m in in g  a n d  s m e lt in g  o p e r a t io n s  a n d  th e  p r e ­
m in in g  s i t u a t io n  in  m a n y  a re a s  o f  E u ro p e  is  u n c e r ta in .  In  c o n t r a s t  
m u c h  o f  th e  w o r k  b y  N ic o l ls  e t  a l  (1965 ), W i ld  (1968 ), H o w a rd  
W i l l i a m s  (1970) a n d  o th e r  in v e s t ig a to r s  in  A f r i c a  a n d  A u s t r a l ia  has  
b e e n  o n  u n d is tu r b e d  s i te s .  O n  m a n y  m in in g  s p o i ls  in  B r i t a i n  th e re  
is  e v id e n c e  th a t  v e g e ta t io n  s u c c e s s io n  is  o c c u r r in g ,  th is  is  p r o b a b ly  
a ls o  th e  ca s e  in  E u ro p e .  A  c o n t r a s t in g  s i t u a t io n  p r o b a b ly  p r e v a i ls  o n
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A f r i c a n  a n d  A u s t r a l ia n  m in e r a l is a t io n s  a n d  o n  m a n y  s e rp e n t in e  a re a s  
in  th a t  th e y  a p p e a r  s ta b le  in  th e  lo n g  t e r m .  I n  t e r m s  o f  th e  c o m p a r is o n  
i t  is  in te n d e d  to  m a k e ,  i t  is  n o t  th o u g h t th a t  th is  d i f f e r e n c e  is  a 
m a jo r  p r o b le m .
(1) T h e  s e rp e n t in e  f l o r a  is  r e la t i v e l y  p o o r  in  in d iv id u a ls  
as  w e l l  as  in  s p e c ie s .
A n to n o v ic s  e t  a l  (1971) s ta te  th a t  " th e  s tu d ie s  o f  s p e c ie s  o n  m e ta l  
c o n ta m in a te d  s o i ls  h a ve  r a r e l y  b e e n  r ig o r o u s  a n d  a re  u s u a l ly  l i t t l e  
m o r e  th a n  in c o m p le te  s p e c ie s  l i s t s  a n d  th a t  i t  is  o f te n  p o s s ib le  th a t  
th e  s p e c ie s  l i s t e d  a r e  n o t  g r o w in g  on  m e ta l  c o n ta m in a te d  s o i l  b u t 
o n  d is t in c t i v e ,  p o o r  s o i ls  a d jo in in g  c o n ta m in a te d  a r e a s .  "  E v e n  so , 
th e r e  is  a lo n g  e s ta b l is h e d  c o n s e n s u s  o f  o p in io n  th a t  h e a v y  m e ta l  s i te s  
a r e  f l o r i s t i c a l l y  p o o r .  E r n s t  (1965) p r o v id e s  s p e c ie s  l i s t s  w h ic h  
s u g g e s t  th is  to  be  th e  c a s e  a n d  th e  t r a n s e c ts  o f  N ic o l ls  e t  a l  (1965) 
a n d  C o le  e t  a l  (1968) a c r o s s  m e t a l l i f e r o u s  a re a s  a n d  in to  b a c k g ro u n d  
v e g e ta t io n  in  A u s t r a l i a  d e m o n s t ra te  b o th  f l o r i s t i c  im p o v e r is h m e n t  
a n d  re d u c e d  c o v e r .  W i ld  (1968) r e c o r d e d  436  s p e c ie s  o f  A n g io s p e r m s  
o n  th e  c o p p e r  s o i ls  o f  R h o d e s ia .  H e a ls o  r e c o r d e d ,  ( W i ld  1970)
322 s p e c ie s  on  th e  s e rp e n t in e s  o f  th e  G r e a t  D y k e ,  th e  la t t e r  c o v e r in g  
a  m u c h  la r g e r  a r e a .  H e s ta te s  th a t  in  R h o d e s ia  t r e e s  a n d  w o o d y  p la n ts  
a r e  g e n e r a l ly  m o r e  r ig o r o u s ly  e x c lu d e d  b y  s e rp e n t in e  th a n  b y  th e  
c o p p e r ,  b u t  he p o in ts  o u t th a t  c o p p e r  f l o r a  o f  R h o d e s ia  is  a n  
im p o v e r is h e d  o n e .
(2 ) I n  s e rp e n t in e  lo c a l i t i e s  s e v e r a l  s p e c ie s  a re  r e p r e s e n te d  
b y  c e r t a in  ra c e s  (e c o ty p e s )  d i f f e r in g  e c o lo g ic a l ly  a n d , 
s o m e t im e s ,  a ls o  m o r p h o lo g ic a l ly  f r o m  t h e i r  o r ig in a l  
ty p e s .
M o r p h o lo g ic a l  a n d  a ls o  c o lo u r  v a r ia t io n  h a s  b e e n  n o te d  in  m a n y  h e a v y  
m e t a l  f l o r a s .  H e im a n s  ( i9 6 0 )  s ta te s  th a t  P o ly g a la  v u lg a r is  fo u n d  on 
z in c  s o i ls  in  B e lg iu m  d i f f e r s  f r o m  o r d in a r y  P . v u lg a r is  b y  i t s  f in e ,  
d a r k  b lu e  f lo w e r s .  L e fe b v r e  (1967) d e m o n s t r a te d  th a t the  p o p u la t io n s
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o f  A r m e r ia  m a r i t im a  on  a d ja c e n t  h e a v y  m e ta l  s i te s  in  th e  A a c h e n -  
L ie g e  a r e a  w e re  v e r y  d i f f e r e n t  in  the  r e p e t i t io n  o f  f l o r a l  c h a r a c te r s  
a n d  w e r e  a ls o  d is t in c t  f r o m  c o a s ta l  p o p u la t io n s  o f  A .  m a r i t im a .
(1 9 6 4 ) s h o w e d  f l o r a l  v a r ia t io n  in  a p o p p y , P a p a v e r  
m a c r o s to m u m  B o is s a n d  H u e t ,a n d  d e s c r ib e d  c h a n g e s  in  the  f lo w e r  
f o r m  o f  P u ls a t i l l a  p a te n s  M i l l .  , a ch a n g e  s i m i l a r  to  th e  a p e ta ly  
d e s c r ib e d  b y  R u n e  (1953) f o r  s e r p e n t in e  L y c h n is a lp in a  f r o m  
S c a n d in a v ia .  D o b r z a n s k a  (1955) o b s e rv e d  th a t  in  p la n ts  g ro w in g  o n  
th e  c a la m in e  d u m p s  n e a r  B o le  s la w  a n d  O lk u s z  in  P o la n d  o u tw a rd  
v a r ia t io n s  w e re  f r e q u e n t ,  d w a r f is h n e s s  b e in g  th e  m o s t  c o m m o n . He 
fo u n d  f r o m  g r o w in g  e x p e r im e n ts  th a t  m o r p h o lo g ic a l  v a r ia t io n s ,  in c lu d in g  
d w a r f is h n e s s ,  w e re  e i t h e r  t r a n s ie n t  a n d  d is a p p e a re d  w h e n  e n v ir o n m e n ta l  
c o n d i t io n s  w e re  c h a n g e d , a s  in  R a n u n c u lu s  a c r i s , o r  w e re  s ta b l iz e d  
a s  a  m o r e  o r  le s s  h e r e d i t a r y  c h a r a c te r  as  in  D ia n th u s  c a r th u s ia n o r u m  
L ,  a n d  S ile n e  in f la t a  S rn .
P r a t  (1 9 3 3 ) w o r k in g  o n  S ile n e  d io ic a  ( L .  ) C la i r v .  f r o m  a c o p p e r  d e p o s it  
in  G e r m a n y  s h o w e d  th a t  s e e d s  o f the  s p e c ie s  f r o m  th e  c o p p e r  r i c h  a re a  
g r e w  b e t t e r  in  c o p p e r  s o i l  th a n  s e e d s  o f  S. d io ic a  f r o m  o th e r  a r e a s .  
B r a d s h a w  (1952) d e m o n s t r a te d  e x p e r im e n ta l ly  r a c e s  o f  A g r o s t is  te n u is  
S ib th .  t o le r a n t  f o r  le a d  a n d  z in c ,  H a l l id a y  ( I9 6 0 )  s h o w e d  le a d  t o le r a n t  
e c o ty p e s  f o r  M in u a r t ia  v e r n a  and  L e fe b v r e  (1968) p r o v e d  z in c  to le r a n c e  
- i n  A r m e r  ia  m a r i t im a . T h e r e  is  th e r e fo r e  c o n s id e r a b le  e v id e n c e  f o r  
e c o ty p ic  v a r ia t io n ,  b o th  m o r p h o lo g ic a l  a n d  p h y s io lo g ic a l ,  o n  h e a v y  
m e t a l  s o i ls .
(3 ) M a n y  p la n ts  a p p e a r  v e r y  d is ju n c t iv e ly  in  s e rp e n t in e
lo c a l i t i e s .
T h is  is  th e  b a s is  o f  th e  u s e  o f  c e r t a in  s p e c ie s  o f  m e ta l  t o le r a n t  p la n ts  
a s  in d ic a t o r s .  M in u a r t ia  v e r n a , T h la s p i  a lp e s t r e , a n d  A r m e r i a  
m a r i t im a  a re  p r e s e n t  on  lo w la n d  h e a v y  m e ta l  s i te s  in  N o r th  W e s t E u ro p e ,  
s e p a r a te d  b y  o f te n  c o n s id e r a b le  d is ta n c e s  f r o m  th e  a lp in e  a n d  c o a s ta l 
h a b i ta ts  in  w h ic h  th e y  a ls o  o c c u r .  1 h a v e  s e e n  P o ly c a r p e a _ g l a ^  in  the  
C b n  c u r r y  D i s t r i c t  o f  Q u e e n s la n d  o c c u r r in g  d is ju n c t iv e ly  in  r e la t io n  to  
th e  m a n y  s m a l l  o re  o u tc _ o p s  o f  the  a r e a .
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T h e s e  d is c o n t in u o u s  d is t r ib u t io n s  h a ve  b e e n  in t e r p r e t e d  b y  d i f f e r e n t  
a u th o r s  in  d i f f e r e n t  w a y s . S c h u ltz  (1912) s u g g e s te d  th a t  V io la  lu te a  
(V .  c a la m in a r ia ) a n d  M in u a r t ia  v e rn a  w e re  f o r m e r l y  m o r e  w id e ly  d i s ­
t r ib u t e d  a n d  th a t  s in c e  th e  e n d  o f  th e  la s t  g la c ia t io n  t h e i r  d is t r ib u t io n  
h a s  b e e n  l im i t e d  to  m e t a l l i f e r o u s  s i te s  w h e re  th e  c o m p e t i t iv e  s i t u a t io n  
i s  t o le r a b le  f o r  th e  tw o  s p e c ie  s .
H e im a n s  ( i9 6 0 )  c o n s id e r in g  th e  d is t r ib u t io n  o f  V .  c a la m in a r ia  and  i t s  
r e la t io n s h ip  to  V . a lp e s t r is  ( p r o b a b ly  th e  V . t r i c o l o r  s s p . s u b a lp in a  
o f  S o u th e rn  E u r o p e ) ,  s u g g e s ts  th a t  th e  a s s u m p t io n  m u s t  be m a d e  th a t  
th e  s p e c ie s  s p re a d  in  th e  L a te  G la c ia l  E p o c h  f r o m  A lp in e  E u ro p e  to  the  
N e th e r la n d s  w h e re  i t  ha s  m a in ta in e d  i t s e l f  o n ly  on  th e s e  s ite s  w h e re  
m e t a l l i c  o re s  a re  p r e s e n t  in  th e  s o i l .  He f u r t h e r  s u g g e s ts  th a t  th e s e  
m e t a l l i f e r o u s  s ta t io n s  w e re  n o t  s u ita b le  f o r  th e  e s ta b l is h m e n t  o f  t r e e s  
a n d  o th e r  p la n ts  w h ic h  a r r i v e d  in  th e  s u c c e e d in g  p e r io d s  o f  the  
P o s tg la c ia l .  T h is  s ta te m e n t  is  in  a c c o r d  w i t h  th e  s u g g e s t io n s  o f 
P ig o t t  a n d  W a l te r s  (1952) in  r e la t io n  to  s p e c ie s  o f  d is c o n t in u o u s  d i s ­
t r i b u t i o n  i n  o p e n  h a b ita ts  in  B r i t a i n .
A u q u ie r  (1964) p r e s e n t in g  a ta x o n o m ic  in t e r p r e t a t io n  d e s c r ib in g  a 
n u m b e r  o f  F e s tu c a  sp p . f r o m  th e  h e a v y  m e ta l  s i te s  in  the  L ie g e  a r e a  
s u g g e s te d  th a t  t h e i r  r e la t iv e s  a re  n o w  fo u n d  in  u p la n d  a re a s  a n d  f r o m  
th is  he d e r iv e d  a r e l i c  c o n c lu s io n  s im i l a r  to  t h a t  o f  H e im a n s  ( I9 6 0 ) . 
A n to n o v ic s  e t  a l  (1971), h o w e v e r ,  a r e  s c e p t ic a l  a b o u t th e  ta x o n o m ic  
v a l i d i t y  o f  th e  fe s c u e s  d e s c r ib e d  b y  A u q u ie r  (1964 ).
A n to n o v ic s  e t  a l  (1971) s ta te  th a t  " th e  s u g g e s t io n s  o f  S c h u ltz ,  A u q u ie r  
a n d  H e im a n s  a re  t h e r e fo r e  th a t  th e  s p e c ie s  fo u n d  o n  m e ta l  c o n ­
ta m in a te d  s o i ls  a re  u s u a l ly  p a le o - e n d e m ic " .  T h e y  go o n  to  s a y  
th a t  " th e  s i t u a t io n  is  d i f f i c u l t  to  i n t e r p r e t :  a s im p le  p a le o - e n d e m ic  
in t e r p r e t a t io n  o f  th e  g e o g r a p h ic a l d is t r ib u t io n  o f  a l l  th e  s p e c ie s  
m a y  o f te n  be  in n a c c u r a te .  "  T h e  p a p e r  b y  H e im a n s  ( I9 6 0 ) d e a lin g  
w i t h  th e  z in c  f l o r a  o f  th e  N e th e r la n a s  is  in  E n g l is h  a n d  a r e le v a n t  
p a r a g r a p h  w i l l  be q u o te d :
29
" T h e  f a c t  th a t  a t  le a s t  one o f  the  s p e c ie s  o f  o u r  
z in c  f l o r a ,  v i z .  o u r  A r m e r i a , o c c u r r e d  a l r e a d y  
in  th e  o ld e r  p a r t  o f  th e  la te  G la c ia l  E p o c h  in  th is  
r e g io n  a n d  in  a la r g e  a re a  in  i t s  v i c i n i t y ,  le n d s  
p la u s ib i l i t y  to  th e  a s s u m p t io n  th a t  th e  o th e r  
s p e c ie s  w i t h  s u b a lp in e  a l l ia n c e  w i l l  h a ve  re a c h e d  
th is  c o u n t r y  d u r in g  th e  s a m e  p e r io d ,  a n d  th a t  th e  
w h o le  z in c  f l o r a  t h e r e fo r e  m a y  be r e g a r d e d  as  a 
r e l i c  f r o m  th e  la te  G la c ia l  E p o c h .  "
I  d is a g r e e  w i t h  th e  im p l i c a t io n  in  A n to n o v ic s  e t a l  (1971) th a t  H e im a n s  
( I9 6 0 )  is  p u t t in g  f o r w a r d  a s u g g e s t io n  th a t  th e  d is t r ib u t io n  o f  m o s t  
s p e c ie s  o f  m e t a l  c o n ta m in a te d  s o i ls  is  to  be in t e r p r e t e d  f r o m  a 
p a le o - e n d e m ic  s ta n d p o in t .  H e im a n s  ( i9 6 0 )  is  d e a lin g  o n ly  w i t h  th e  
z in c  f l o r a  o f  th e  N e th e r la n d s  a n d  in  th e  s e c t io n  o f  th e  p a p e r  le a d in g  
u p  to  th e  a b o v e  q u o ta t io n  m e n t io n s  o n ly  V io la  c a la m in a r ia , T h la s p i  
a lp e s t r e , M in u a r t ia  v e r n a  a n d  A r m e r ia  m a r i t im a .
A t  th e  e n d  o f  a s e c t io n  d is c u s s in g  th e  w o r k  o f  A u q u ie r  (1964), th is  
f o l lo w in g  o n  f r o m  a d is c u s s io n  o f  th e  w o r k  o f  S c h u ltz  (1912), b o th  
r e f e r r e d  to  h e re  e a r l i e r ,  A n to n o v ic s  e t  a l  (1971) s ta te  th a t  "  a 
s i m i l a r  in t e r p r e t a t io n  (h e re  th e y  r e f e r  to  th e  r e l i c  h y p o th e s is )  h a s  
b e e n  a r r i v e d  a t  b y  H e im a n s  ( i9 6 0 )  s tu d y in g  th e  d is t r ib u t io n  o f  th e  
z in c  v io le t ,  V io la  c a la m in a r ia , b u t  he g iv e s  i t  o n ly  h is  te n ta tiv e  
s u p p o r t .  "
I  b e l ie v e  th a t  th e  s u p p o r t  o f  H e im a n s  ( i9 6 0 )  is  r a t h e r .m o r e  th a n  
te n ta t iv e .  T h e re  is  th e  p a r a g r a p h  q u o te d  a b o v e  a n d  e a r l i e r  in  th e  
p a p e r ,  h a v in g  ju s t  d is c u s s e d  th e  p o s s ib i l i t y  o f  lo n g  d is ta n c e  t r a n s p o r t  
o f  th e  v a r io u s  s p e c ie s  in  q u e s t io n ,  w h ic h  he b e l ie v e s  u n l ik e ly ,  he 
w r i t e s  " t h is  im p l ie s  th a t  w e w i l l  h a ve  to  lo o k  f o r  a n o th e r  e x p la n a t io n ,  
a n d  th is  is ,  in  o u r  o p in io n ,  to  be fo u n d  in  th e  a s s u m p t io n  th a t  th e s e  
z in c  p la n ts  a r e  r e l i c s  o f  a n  o ld e r  v e g e ta t io n .  "
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A n to n o v ic s  e t  a l  (1971) p o in t  o u t th a t  c e r t a in  m in e  ta x a  m a y  h a ve  a r is e n  
b y  r e c e n t  e v o lu t io n  f r o m  r e la t iv e s  g ro w in g  lo c a l l y .  T h e y  s u g g e s t th a t  
th e s e  a re  n e o - e n d e m ic s  in  th e  se n se  o f  S te b b in s  (1942). T h e y  c o n s id e r  
th e  F e  s tu c a  s p p . o f  A u q u ie r  (1964) to  be b e s t  in t e r p r e t e d  as  s u c h . In  
th e  p a r t i c u la r  c a s e  o f  th e s e  B e lg ia n  fe s c u e s  s u c h  a n  e x p la n a t io n  
a p p e a rs  v e r y  re a s o n a b le  b u t  a n e o - e n d e m ic  e x p la n a t io n  w i l l  c le a r l y  
n o t  s u f f ic e  in  a s i t u a t io n  w h e re  th e re  a re  no  r e la t iv e s  g ro w in g  lo c a l l y ,  
f o r  e x a m p le  in  th e  c a s e  o f  T h la s p i  a lp e s t r e  in  B e lg iu m .
T h e  re s p o n s e  o f  A n to n o v ic s  e t a l  (1971) to  th is  ty p e  o f  d i f f i c u l t y  is  to  
s ta te  th a t  as  c o n ta m in a te d  s o i ls  a re  c o m m o n ly  a s s o c ia te d  w i t h  m a n 's  
a c t i v i t i e s  w id e  d is p e r s io n  m a y  be a m a n  in d u c e d  e f fe c t .  T h e y  s u g g e s t 
t h a t  th e  t r a n s p o r t  o f  p la n ts  f r o m  u p la n d  to  lo w la n d  re g io n s  c o u ld  
g iv e  th e  e r r o n e o u s  im p r e s s io n  o f  r e l i c  s ta tu s .  T h e y  a d d i t io n a l ly  c la im  
th a t  m a n y  m e t a l  m in e s  a r e  r e c e n t  a n d  in  n o  w a y  c o r r e la t e d  w i t h  
n a t u r a l  m e ta l  o u tc ro p s  a n d  th e y  fa v o u r  th e  s u g g e s t io n  th a t  m o s t  m in e  
s p e c ie s  a re  n e o - e n d e m ic s .  T h e y  c i te  th e  w o r k  o f  D u v ig n e a u d  a n d  
D e n a e y e r  de S m e t (1963) o n  n a t u r a l  c o p p e r  v e g e ta t io n  in  K a ta n g a .
T h e s e  a u th o r s  s u g g e s t th a t  th e  m a jo r i t y  o f  th e  c u p ro p h y te  s p e c ie s  
a r e  c lo s e  r e la t iv e s  o f  n o n -c u p ro p h y te  s p e c ie s  fo u n d  th ro u g h o u t  th e  
Z a m b e s ia n  r e g io n ,  D u v ig n e a u d  a n d  D e n a e y e r  de  S m e t (1963 ), 
h o w e v e r ,  a ls o  fo u n d  s o m e  ta x a  w i th  a r e l i c  c h a r a c te r .  I t  s h o u ld  
a ls o  be  n o te d  th a t  W i ld  (1971), w o r k in g  in  R h o d e s ia ,  s u g g e s ts  th a t  
th e  m e t a l l i f e r o u s  s p e c ie s  D ic o m a  n ic e  o l i f e r a  W i ld ,  is  a r e l i c  s p e c ie s  
p ro d u c e d  b y  b io ty p e  d e p le t io n  a n d  n o t a s p e c ie s  p ro d u c e d  b y  e d a p h ic  
m o d i f i c a t io n  f r o m  a r e la t e d  s p e c ie s  o r  a c o m m o n  a n c e s to r .
A n to n o v ic s  e t  a l  (1971) f i n a l l y  o b s e rv e  th a t  " th e  la s t  a n d  v e r y  c r u c ia l  
p o in t  is  th a t  e v e n  i f  in  s o m e  in s ta n c e s  th e  e v id e n c e  d o e s  fa v o u r  th e  
p a le o - e n d e m ic  h y p o th e s is  no  p la n t  is  k n o w n  th a t  h a s  a n  in h e r e n t  o r  
c o n s t i t u t io n a l  r e s is ta n c e  to  h e a v y  m e ta ls  th r o u g h o u t  i t s  d is t r ib u t io n .
I n  o th e r  w o rd s  th e  p la n ts  o n  m in e s  c a n n o t be r e g a r d e d  as  s im p le  
' l e f t  o v e r s '  f r o m  a w id e s p r e a d  d is t r ib u t io n ,  th e  p r o b le m  o f  e v o lu t io n  
o f  t o le r a n c e  is  s t i l l  t h e r e .  "
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I n  r e la t i o n  th e r e fo r e  to  th e  c r i t e r i o n  o f  R u n e  (1953) i t  is  t r u e  th a t  p la n ts  
w i t h  m a r k e d ly  d is ju n c t  d is t r ib u t io n s  a ls o  o c c u r  o n  h e a v y  m e ta l  s o i ls .  
H o w e v e r  th e  d is tu r b e d  o r  t o t a l l y  m a n - c r e a te d  n a tu r e  o f  so m e  o f  th e s e  
h a b i ta ts  r e s u l t s  in  p r o b le m s  in  th e  in t e r p r e t a t io n  o f  s u c h  d is t r ib u t io n s .
(4 ) T h e  s e r p e n t in e  f l o r a  c o n ta in s  b a s ic o lo u s  as w e l l  a s  
a c id ic o lo u s  p la n ts ,  w h ic h  o f te n  g r o w  to g e th e r .
In  c o n t r a s t  to  th e  p r e v io u s  c r i t e r i a  th is  does  n o t a p p e a r  to  be a c o m m o n ly  
o b s e r v e d  fe a tu r e  o f  h e a v y  m e ta l  f l o r a s .  H a l l id a y  ( i9 6 0 ) ,  h o w e v e r ,  in  
th e  N o r t h e r n  P e n n in e s  s a w  a n  a s s o c ia t io n  o f  th e  b a s ic o lo u s  s p e c ie s ,
L in u m  c a th a r t ic u m  a n d  G a l iu m  s t e r n e r i , w i t h  a c id ic s x lo u s  s p e c ie s  s u c h  
a s  D e s c h a m p s ia  f le x u o s a  ( L .  ) T r i n .  A s s o c ia t io n  o f  c a lc ic o le s  a n d  
c a lc i f u g e s  h a s  lo n g  b e e n  k n o w n  f r o m  C h a lk  h e a th s  in  th e  S o u th  o f  E n g la n d  
( T a n s le y ,  1939 ). G ru b b  e t  a l  (1969) w o r k in g  on  L u l l in g t o n  H e a th  in  
S u s s e x  in v e s t ig a te d  a c o m m u n ity  o f  c a lc ic o le  a n d  c a lc i fu g e  s p e c ie s  
g r o w in g  to g e th e r  in  s o i ls  o f  p H  b e tw e e n  5 a n d  7 . T h e y  s u g g e s t th a t  
c o m p e t i t io n ,  to g e th e r  w i t h  o th e r  p h y s ic a l  f a c t o r s ,  is  im p o r t a n t  in  th e  
e x c lu s io n  o f  m a n y  c a lc ic o le s  f r o m  s o i ls  o f  p H  5 to  7 in  B r i t a i n .  I t  m u s t  
be  o b s e r v e d  th a t  d e s ig n a t io n s  s u c h  as  c a lc ic o le  a n d  c a lc i fu g e  a re  o f te n  
p h y s io lo g ic a l  in fe r e n c e s  v e r y  m u c h  r e la te d  to  f i e l d  o b s e r v a t io n s  o f  
h a b i t a t .  C e r t a in  h a b i ta ts .  C h a lk  h e a th  a n d  s e rp e n t in e  a p p e a r  to  a l lo w  
s o m e  s p e c ie s  to  e x te n d , due to  re d u c e d  c o m p e t i t io n ,  b e y o n d  t h e i r  
n o r m a l ,  in f e r r e d ,  e d a p h ic  l im i t a t io n s  b u t th e  p h e n o m e n o n  d o e s  n o t 
a p p e a r  to  h a v e  b e e n  w id e ly  o b s e rv e d  in  th e  c a s e  o f  c a lc ic o le s  a n d  c a lc i fu g e s  
in  th e  lo w  c o m p e t i t io n  c o n d it io n s  o f  h e a v y  m e ta l  s o i ls .
D o b r z a n s k a  (1955 ), h o w e v e r ,  w o r k in g  o n  z in c  r i c h  s p o i l  h e a p s  in  P o la n d  
w r o te  o f  a h e te ro g e n o u s  f l o r a ;  he o b s e rv e d  th a t  " s p e c ie s  n e e d in g  o r  
p r e f e r r i n g  c a lc a r e o u s  s o i ls  a p p e a re d  to g e th e r  w i t h  s p e c ie s  f r o m  s a n d y  
s o i ls .  "  T h is  ju x t a p o s i t io n  o f  f l o r a l  e le m e n ts  m a y  be  a n a la g o u s  to  
th e  a s s o c ia t io n  o f  c a lc ic o le  a n d  c a lc i fu g e  s p e c ie s  on  s e r p e n t in e  a r e a s .
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(5 ) T h e  s e rp e n t in e  f l o r a  has  a r e la t i v e l y  x e r o p h y t ic  
c h a r a c te r .
D o b r z a n s k a  (1955), w o r k in g  in  P o la n d , s ta te s  th a t  p la n ts  f r o m  the  
c a la m in e  s p o i l  h e a p s  th e re  a re  x e r o m o r p h ic ,  p la g io t r o p ic ,  h a ve  s m a l l  
le a v e s  a n d  s h o w  o th e r  fe a tu r e s  s u c h  as g r o w th  ty p e  a n d  r o o t le n g th ,  
c h a r a c t e r i s t i c  f o r  v e g e ta t io n  g r o w in g  o n  g r a v e l ,  s c re e s  a n d , p r i m a r i l y  
o n  s e r p e n t in e  s u b s t r a te s .  He is  h e re  d e s c r ib in g  x e r o p h y t ic  f e a tu r e s .
I t  i s  g e n e r a l ly  a p p a re n t  f r o m  th e  l i t e r a t u r e  th a t  m a n y  h e a v y  m e ta l  
s i t e s  w h ic h  h a v e  b e e n  s tu d ie d ,  w i t h  t h e i r  p o o r  v e g e ta t io n  c o v e r  a n d  
in h ib i t e d  s o i l  f o r m a t io n ,  a re  g e n e r a l ly  d r i e r  th a n  th e  s u r r o u n d in g  
a r e a  a n d  th a t  t h e i r  v e g e ta t io n  is  m o r e  o r  le s s  x e r o p h y t ic  in  n a tu r e .  
A n to n o v ic s  e t  a l  (1971) h o w e v e r  o b s e rv e  th a t  th e  x e r o p h y t ic  m o r p h o ­
l o g i c a l  fe a tu r e s ,  e s p e c ia l ly  s m a l l  s iz e ,  o b s e rv e d  b y  m a n y  w o r k e r s  
m a y  in  s o m e  in s ta n c e s  be r e la te d  to  n u t r ie n t  s h o r ta g e  in  th e  h a b i ta t .
(6 ) T h e  s e rp e n t in e  f l o r a  is  o f te n  d o m in a te d  b y  c e r t a in  
f a m i l i e s  o r  g e n e ra  e . g . C a ry o p h y lla c e a e  in  N o r th  
E u ro p e  a n d  E a s te r n  N o r th  A m e r ic a .
R u n e  (1953) is  h e re  r e f e r r i n g  to  a n u m e r ic a l  d o m in a n c e  in  the  f lo r a .
B r o o k s  (1972) w r i t e s  th a t  " th e  t y p ic a l  in d ic a to r  w i l l  be a h e r b  r a t h e r  
th a n  a t r e e  o r  s h ru b ,  a n d  w i l l  p r o b a b ly  be a m e m b e r  o f  th e  L a b ia ta e  
o r  C a r o p h y l la c e a e .  "  A n to n o v ic s  e t  a l  (1971), h o w e v e r ,  d e a lin g  w i t h  
m e t a l  t o le r a n t  as  o p p o s e d  to  in d ic a to r  s p e c ie s ,  s ta te  th a t  i t  is  
p o s s ib le  to  g e t th e  im p r e s s io n  th a t  to le r a n c e  is  r e s t r i c t e d  to  c e r t a in  
f a m i l i e s  o r  g e n e ra .  T h e y  c i te  th e  w o r k  o f  W i ld  (1968, 1970) w h ic h  
s h o w s  to le r a n c e  in  m a n y  f a m i l ie s  w i th  th e  la r g e s t  f a m i l ie s ,  the  
L e g u m in o s a e  a n d  th e  G ra m in a e  s h o w in g  th e  g r e a te s t  n u m b e r  o f 
t o le r a n t  s p e c ie s .
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R u n e  (1953) p o in ts  o u t th a t  in  C e n t r a l  a n d  S o u th e rn  E u ro p e  th e  d o m in a n c e  
o f  th e  C a r y o p h y l la c e a e  is  le s s  p ro n o u n c e d ,  th e  la r g e  f a m i l i e s ,  the  
L e g u m in o s a e  a n d  th e  C o m p o s ita e ,  a s s u m e  in c r e a s in g  im p o r ta n c e .
R u n e  (1953) in  s ta t in g  h is  s ix t h  c r i t e r i o n  is  d e a lin g  w i th  a r e s t r i c t e d  
g e o g r a p h ic a l  a re a ,  th e  s i t u a t io n  g lo b a l ly  on  s e r p e n t in e  is  as  y e t  
u n c e r t a in .
In  r e la t i o n  to  h e a v y  m e t a l  s o i ls  th e re  a p p e a rs  to  be no  e x p la n a t io n  in  
th e  l i t e r a t u r e  o f  th e  n u m e r ic a l  d o m in a n c e  o f  th e  C a r y o p h y l la c e a e  
a n d  L a b ia ta e  a m o n g  h e a v y  m e t a l  in d ic a to r s .
1. 3______ C o lo n is a t io n  a n d  p la n t  g r o w th  on  m e t a l l i f e r o u s  s o i ls
M a n y  o p e n  h a b i ta ts ,  a m o n g s t  w h ic h  th e  g r e a t  m a jo r i t y  o f  m e t a l l i f e r o u s  
l o c a l i t i e s  m a y  be in c lu d e d ,  p o s s e s s  u n u s u a l e n v i r o n m e n ta l  f a c to r s  
w h ic h  te n d  to  m a in ta in  th e  o p e n  c o n d it io n .  P ig o t t  a n d  W a l t e r s  (1954) 
s t r e s s  th e  im p o r ta n c e  o f  c l im a t e ,  r o c k  ty p e ,  i n s t a b i l i t y  a n d  o th e r  
f a c t o r s  in  t h is  p r o c e s s .  M o s t  e x t r e m e  h a b ita ts  s h o w  i n i t i a l  
c o lo n iz in g  s p e c ie s  w h ic h ,  b y  t h e i r  p re s e n c e ,  te n d  to  a m e l io r a te  the  
e n v i r o n m e n t  a n d  f a c i l i t a t e  in v a s io n  b y  o th e r  s p e c ie s ,  th e  g e n e ra l 
p r o c e s s  o f  c o lo n iz a t io n  a n d  p la n t  s u c c e s s io n .  A  d is r u p t iv e  
e n v i r o n m e n ta l  f a c t o r  is  n e c e s s a r y  to  h a l t  t h is  s u c c e s s io n  a t  so m e  
p o in t ,  is  h e a v y  m e t a l  c o n c e n t r a t io n  s u c h  a f a c t o r  ?
T h e  d is t in c t io n  o u t l in e d  in  th e  p r e v io u s  s e c t io n  b e tw e e n  E u ro p e a n  
a n d  A f r i c a n  a n d  A u s t r a l ia n  h e a v y  m e ta l  s i te s  m u s t  a g a in  be b o rn e  
in  m in d .  O n  th e  n a t u r a l  s i te s  o f  A f r i c a  a n d  A u s t r a l i a  th e  e v a lu a t io n  
o f  p la n t  d i s t r i b u t io n  in  r e la t io n  to  m e ta l  c o n c e n t r a t io n  a n d  o th e r  
p a r a m e te r s  is  p r o b a b ly  a n  a s s e s s m e n t  o f  a r e la t i v e l y  s ta b le  
e n v i r o n m e n ta l  s i t u a t io n ,  in  E u ro p e  s u c c e s s io n  a p p e a rs  to  be 
o c c u r r in g  o n  c e r t a in  h e a v y  m e ta l  s o i ls .
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S c h w ic k e r a th  (1931) s h o w e d  a r e la t io n s h ip  b e tw e e n  the  v a r io u s  m e ta l  
t o le r a n t  s p e c ie s  in  th e  c o lo n iz a t io n  o f  the  m in e  h a b i ta t  a n d  o b s e rv e d  
n e w  s p e c ie s  e n te r in g  th e  d e v e lo p in g  F e  s tu c a  o y in a  L .  s w a rd .
S c h u b e r t  (1954) w o r k in g  in  th e  B e t te n d o r f  a re a  o f  G e rm a n y ,  s h o w e d  
th a t  S ile n e  v u lg a r is  (M o e n c h )  G a rc k e  te n d e d  to  in v a d e  th e  a re a s  
p r e v io u s ly  c o lo n iz e d  b y  M in u a r t ia  v e r n a  a n d  E r n s t  (1965) d e m o n s tra te d  
th a t  z in c  le v e ls  w e re  lo w e r  in  th e  a re a s  o f  in c r e a s in g  c o lo n iz a t io n .
A s  p o in te d  o u t b y  A n to n o v ic s  e t  a l  (1971) the  l a t t e r  s i tu a t io n  c o u ld  be 
o ne  in  w h ic h  th e  p la n ts  th e m s e lv e s  a re  a l le v ia t in g  t o x i c i t y ,  a s i t u a t io n  
i n  w h ic h  w e a th e r in g  is  r e d u c in g  t o x i c i t y ,  o r  a s i t u a t io n  o f  
p r e f e r e n t i a l  c o lo n iz a t io n  o f  a re a s  o f  lo w  z in c  c o n c e n t r a t io n .
T h e  p r o b le m  o f  age  in  r e la t i o n  to  E u ro p e a n  m in e  s i te  c o lo n iz a t io n  
d o e s  n o t  a p p e a r  to  h a v e  b e e n  in v e s t ig a te d  in  a n y  d e p th . S c h u b e r t  
(1954) w o r k in g  o n  c o p p e r  s p o i l  in  G e rm a n y  fo u n d  no  in c o n t r o v e r t ib le  
e v id e n c e  o f  s u c c e s s io n  b e tw e e n  1200 A .  D . a n d  th e  p r e s e n t  d a y . 
H o w e v e r  a M r .  W a ld r o n ,  q u o te d  in  G o u g h  (1930 ), w r o te  in  187 5 o f  
th e  r e w o r k in g  o f  R o m a n  s la g  a t  C h a r te r h o u s e  in  M e n d ip .  H e re  
s c o r ia ,  c h a r c o a l  a n d  s la g ,  so m e  o f  th e  la t t e r  c o n ta in in g  2 0 -2 6 %  le a d ,  
w e r e  c o v e r e d  b y  a fo o t  to  e ig h te e n  in c h e s  o f  p e a t a n d  t u r f .  T h is  
a c c u m u la t io n  o f  o r g a n ic  m a t t e r  w a s  p r e s u m a b ly  a c c o m p a n ie d  b y  
th e  d e v e lo p m e n t  o f  a p la n t  c o m m u n it y  d i f f e r in g  f r o m  th o s e  fo u n d  
to d a y  in  th e  a r e a  o n  y o u n g e r  s u b s t r a te s  c o n ta in in g  h ig h  c o n ­
c e n t r a t io n s  o f  h e a v y  m e ta l .
S u c h  a c c u m u la t io n s  o f  o r g a n ic  m a t t e r  in  th e  p r o c e s s  o f  s o i l  
d e v e lo p m e n t  s e e m  to  be a n  im p o r t a n t  f a c t o r  in  th e  a m e l io r a t io n  o f  
m e t a l  t o x i c i t y .  T h e re  is  a d i r e c t  e f f e c t  u p o n  th e  a v a i l a b i l i t y  o f  
h e a v y  m e ta ls  to  p la n ts  a n d  a ls o  in d i r e c t  e f fe c ts  o n  m o is tu r e  c a p a c ity ,  
s o i l  s t r u c t u r e  a n d  o th e r  f a c t o r s .  L u c a s  (1948) s h o w e d  th a t  c o p p e r  
m a y  be  c h e la te d  b y  th e  c o m p o n e n ts  o f  o r g a n ic  m a t e r i a l  a n d  H i l t o n  
(1967) d o c u m e n t in g  th e  w o r k  o f  th e  L o w e r  S w a n s e a  V a l le y  p r o je c t  
d e m o n s t r a te d  th a t  th e  m ix in g  o f  o r g a n ic  m a t t e r ,  se w a g e  s lu d g e  
a n d  se d g e  p e a t w i t h  c o p p e r  a n d  z in c  t ip  m a t e r ia l  p ro d u c e d  a c c e p ta b le
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l e v e ls  o f  g r o w th  in  e x p e r im e n ta l  p la n t in g s .  D y k e  m a n  a n d  D e S ousa
(1966 ) w o r k in g  in  N e w  B r u n s w ic k  s h o w e d  c o n c e n t r a t io n s  o f  c o p p e r  
in  a p e a t b o g  to  7% d r y  w e ig h t .  T h e s e  c o n c e n t r a t io n s  h a d  no  v is ib le  
e f f e c t  on  th e  v e g e ta t io n  o f  th e  b o g  a n d  th e y  s u g g e s t th a t  th e  
im m o b i l i z a t io n  o f  c o p p e r  in  th e  s o i l  b y  c h e la t io n  to  n a tu r a l  o r g a n ic  
c o m p o u n d s  a p p e a rs  to  be m o s t  im p o r t a n t  in  p r e v e n t in g  p la n t  u p ta k e  
o f  th e  m e ta l  in  t o x ic  a m o u n ts .
T h e r e  a r e  d e s c r ip t io n s  o f  s o i l  d e v e lo p m e n t  o n  s e rp e n t in e  s u b s t r a te s  
w h ic h  m a y  be o f  r e le v a n c e  to  th e  p ro c e s s  o f  s u c c e s s io n  o n  h e a v y  
m e t a l  r i c h  s o i ls .  M a n y  m e t a l l i f e r o u s  s i te s  in  E u ro p e  a r e  r e la t i v e l y  
r e c e n t  a n d  th e r e  h a s  b e e n  l i t t l e  t im e  f o r  s u c c e s s io n .  In  c o n t r a s t  
m a n y  s e r p e n t in e  o u tc r o p s  h a v e  r e m a in e d  u n d is tu r b e d  to  a n y  g r e a t  
e x te n t  s in c e  d e g la c ia t io n .
C o o m b e  a n d  F r o s t  (1956) w o r k in g  o n  T h e  L i z a r d  in  C o r n w a l l  d e m o n s t ra te  
t h a t  th e  v e g e ta t io n  o f  t h is  a r e a  s h o w s  to  o n ly  a l im i t e d  e x te n t  th e  
fe a tu r e s  d e s c r ib e d  f r o m  o th e r  s e rp e n t in e  a r e a s .  In  c e r t a in  p a r t s  o f  
T h e  L i z a r d  th e  s o i ls  a re  n o t w h o l ly  d e r iv e d  f r o m  s e r p e n t in e .  S om e 
s o i ls  h o w e v e r  a re  e n t i r e l y  p ro d u c e d  b y  th e  w e a th e r in g  o f  s e rp e n t in e  
a n d  th e s e  s o i ls  to o  do  n o t e x h ib i t  s e rp e n t in e  fe a tu r e s .  P r o c t o r  (1969) 
w o r k in g  on  th e  w e s t  b a n k  o f  L o c h  L o m o n d  d e s c r ib e s  a s e rp e n t in e  
b e a r in g  " a  m u n d a n e  h e a th  v e g e ta t io n " .  S u p e r f ic ia l  d e p o s its  w h ic h  
he  in v e s t ig a te d  a t  G ir v a n  a n d  G le n  U r q u a r t  s h o w e d  a s im i l a r  la c k  o f  
d is t in c t i v e  v e g e ta t io n .  H e s ta te s  th a t  e v e n  w h e re  s e rp e n t in e  p r o v id e s  
s o m e  c o n t r ib u t io n  to  th e  s o i l ,  ju d g in g  b y  i t s  h e a v y  m e ta l  c o n te n t ,  
th e  f o r e ig n  m a t t e r  s e e m s  to  s u p p re s s  a n y  s e rp e n t in e  e f fe c ts .  He 
f u r t h e r  o b s e rv e s  th a t  a t  m a n y  B r i t i s h  s i te s  th e  s e rp e n t in e  r o c k  h a s  
w e a th e r e d  to  p ro d u c e  a s o i l  th a t  c o v e rs  a la r g e  a r e a  a n d  he c o n c lu d e s  
th a t  w h e re  th e r e  is  e x te n s iv e  s o i l  d e v e lo p m e n t ,  e v e n  w h e n  th a t  s o i l  
i s  d e r iv e d  w h o l ly  f r o m  s e rp e n t in e  r o c k ,  th e r e  is  s u p p r e s s s io n  o f  
th e  s e r p e n t in e  e f fe c t .
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T h e  e f f e c t  o f  th e  a c c u m u la t io n  o f  o r g a n ic  m a t t e r  in  h e a v y  m e ta l  s o i ls  
h a s  a l r e a d y  b e e n  m e n t io n e d .  O th e r  s o i l  f a c to r s  h a ve  b e e n  in v e s t ig a te d  
b y  c e r t a in  w o r k e r s  in  a t te m p ts  to  a s s e s s  t h e i r  im p o r ta n c e  in  th e  
c o lo n iz a t io n  b y ,  a n d  th e  d i s t r i b u t io n  o f ,  p la n ts  o n  m e t a l l i f e r o u s  
s o i ls .
L a m b in o n  a n d  A u q u ie r  (1964) h a v e  s h o w n  v a r ia t io n s  in  th e  p r e fe r e n c e s  
o f  c e r t a in  s p e c ie s  in  r e la t io n  to  s o i l  m o is t u r e .  T h e y  r e p o r t  th a t  in  
B e lg iu m  F e  s tu c a  o v in a  o c c u p ie s  b o th  d r y  a n d  m o is t  s i te s  a n d  th a t  
A r m e r i a  m a r i t im a  o c c u r s  on  f a i r l y  m o is t  s o i ls .  T h e y  fo u n d  M in u a r t ia  
v e r n a  to  be a s p e c ie s  o f  th e  d r ie r  s i te s  a n d  in  th e  w e t t e r  a re a s  o f  th e  
z in c  r i c h  s p o i l  h e a p s  M o l in ia  c a e ru le a  ( L .  ) M o e n c h , S c irp u s  s y la v a t ic u s  
L .  a n d  E r io p h o r u m  a n g u s t i f o l iu m  H o n c k e n y  w e re  p r e s e n t .
N ic o l l s  e t  a l  (1965) w o r k in g  in  th e  D u g a ld  R iv e r  L o d e  a re a  o f  Q u e e n s la n d  
s u g g e s te d ,  o n  th e  b a s is ,  as  th e y  p o in t  o u t,  o f  a  r e la t i v e l y  s m a l l  
n u m b e r  o f  s a m p le s ,  th a t  o f  th e  m a jo r  s o i l  n u t r ie n t s  p h o s p h o ro u s  m a y  
h a v e  a n  im p o r t a n t  in f lu e n c e  o v e r  th e  d is t r ib u t io n  o f  th e  lo d e  a s s e m b la g e .  
O th e r  m a jo r  s o i l  n u t r ie n t s  s h o w e d  l i t t l e  v a r ia t io n .  H o w e v e r ,  th e y  
s ta te  th a t ,  w h i le  v a r ia t io n s  o f  l i t h o lo g y ,  r e l i e f ,  d r a in a g e ,  te x tu r e  
a n d  m a jo r  n u t r ie n t  s ta tu s  o f  th e  s o i l  m a y  h a v e  s o m e  e f fe c t  o n  p la n t  
d is t r i b u t io n ,  t r a c e  e le m e n t  a n o m a lie s  in  th e  s o i l  e x e r t  th e  c o n t r o l l in g  
in f lu e n c e .
P o o r  m a jo r  n u t r ie n t  s ta tu s  o f  th e  s p o i l  h e a p  s o i ls  a p p e a rs  to  be a n  
im p o r t a n t  e le m e n t  in  th e  s u m  o f d i f f i c u l t i e s  w h ic h  p la n ts  e x p e r ie n c e  
in  c o lo n iz in g  s u c h  a re a s  a n d  b e n e f ic ia l  e f fe c ts  h a v e  b e e n  o b s e rv e d  
f o l lo w in g  th e  a d d i t io n  o f  f e r t i l i z e r  to  s p o i l  m a t e r ia ls .  G e n e r a l ly  
m in e  s p o i ls  a r e  lo w  in  n i t r o g e n ,  p h o s p h o ro u s  a n d  p o ta s s iu m  (S m ith  
a n d  B ra d s h a w ,  1970 ).
C a lc iu m  s ta tu s  is  a m a jo r  f a c t o r  in f lu e n c in g  the  d is t r ib u t io n  a n d  ty p e  
o f  th e  h e a v y  m e t a l  f l o r a .  V a r y in g  c o n c e n t r a t io n s  a p p e a r  to  a f f e c t  th e  
a v a i l a b i l i t y  o f  c e r t a in  h e a v y  m e ta ls  ( S c h w ic k e ra th ,  1931, H a l l id a y ,
I9 6 0 )  a n d  a d d i t io n a l ly  c a 'c iu m  h a s  a n  e f f e c t  u p o n  s o i l  p H , th e  la t t e r  
a ls o  in f lu e n c in g  th e  a v a i l a b i l i t y  o f  th e  h e a v y  m e ta ls .
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T h e  c o n t r a s t  b e tw e e n  th e  r e la t i v e l y  s p e c ie s  r i c h  f lo r a s  o f  the  
c a lc a r e o u s  s p o i l  h e a p s  o f  th e  P e n n in e s  a n d  th e  im p o v e r is h e d  f lo r a s  o f  
th e  s i l ic e o u s  d e b r is  o f  W a le s  h a s  b e e n  r e c o g n is e d  f o r  s o m e  t im e .
F e r r e i r a  (1959) n o te d  th e  c o n t r a s t  b e tw e e n  c a lc iu m  r i c h  a n d  c a lc iu m  
p o o r  t ip s  o n  B e n n  L a o ig h  in  th e  N o r th  o f  S c o t la n d .  T h e  c a lc a r e o u s  
t i p  s u p p o r te d  s p e c ie s  o f  S a x if r a g a ,  S ile n e  a c a u l is  ( L .  ) J a c q . a n d  
F e s tu c a  r u b r a  L .  , w h i le  th e  o th e r  t ip s  s h o w e d  a s c a t te r e d  c o m m u n it y  
o f  A g r o s t i s  s p p . a n d  C e r a s t iu m  v u lg a tu m  L .  B o th  t ip s  h a d  a p H  o f  6 . 4 .
In  r e la t i o n  to  th e  m i t ig a t io n  o f  t o x i c i t y  b y  c a lc iu m  H a l l id a y  ( I9 6 0 ) f e l t  
th a t  le a d  t o x i c i t y  on  l im e s to n e  t ip s  c o u ld  be e x p e c te d  to  be u n c o m m o n  
a n d  d i f f i c u l t  to  d e te c t .  H a l l id a y  ( i9 6 0 )  lo o k e d  a t  th e  e x c h a n g e a b le  
P b /C a  r a t i o  a n d  th e  z in c  c o n c e n t r a t io n  o f  t ip  s o i ls ,  m a in ly  in  th e  
N o r t h e r n  P e n n in e s ,  a n d  d e m o n s t r a te d  th a t  th e  m e t a l l i f e r o u s  s i te s  p o o r  in  
s p e c ie s  c o u ld  be  r e la t e d  to  th e  p a r a m e te r s  1300 p p m . z in c  a n d  a P b /C a  
v a lu e  o f  1. H e  s ta te s  t h a t  th e r e  is  no  e v id e n c e  o f  t o x i c i t y  in  a n y  s o i l  
w i t h  m o r e  th a n  2 . 5 m - e q u iv .  o f  c a lc iu m  a n d  i t  is  t h e r e fo r e  u n l i k e ly  
to  o c c u r  in  s o i ls  p o s s e s s in g  f r e e  c a lc iu m  c a rb o n a te .  T h e  g e n e r a l 
im p r e s s io n  g iv e n  b y  H a l l id a y  ( i9 6 0 )  is  one o f  s c e p t ic is m  in  r e la t io n  
to  th e  p o s s ib i l i t y  o f  m e t a l  t o x i c i t y  o n  m a n y  o f  th e  s i te s  he s u r v e y e d .
H e  w r i t e s  o f  th e  c o a rs e  n a tu re  o f  t ip  s o i ls ,  th e  d i f f i c u l t i e s  in h e r e n t  
i n  th e  c o lo n iz a t io n  o f  s u c h  s o i ls  a n d  th e  s u s c e p t ib i l i t y  to  e r o s io n  o f  
th e  u n s ta b le  t ip p e d  m a t e r ia l .
F a c t o r s  o th e r  th a n  h e a v y  m e t a l  c o n c e n t r a t io n  c le a r l y  do  h a ve  a n  
e f f e c t  u p o n  th e  v e g e ta t io n  o f  h e a v y  m e t a l  s o i ls .  E v e n  in  B r i t a i n  
m e t a l l i f e r o u s  h a b i ta ts  ra n g e  f r o m  p e a t b o g s  a n d  c o n ta m in a te d  a l l u v ia l  
a r e a s  to  a r i d  t ip s  a n d  l im e s to n e  s c a r p s .  W ith  t h is  d i v e r s i t y  o f  
h a b i t a t  i t  w o u ld  be  s u r p r i s in g  i f  h e a v y  m e ta l  c o n c e n t r a t io n  w a s  
th e  o n ly  e c o lo g ic a l  f a c t o r  in f lu e n c in g  th e  p la n ts  o f  m e t a l l i f e r o u s  
s o i ls .
>o
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Thlaspi a /p es fre ; Distribution in Britain and 
Northern Europe, ( a f te r  Perrmg & W alters ,  1962,  and Fitter,  1978)
Figure 1. 2
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1. 4______ T h e  B r i t i s h  in d ic a t o r  p la n ts
T h e r e  a re  s e v e r a l  c a n d id a te s  f o r  in c lu s io n  in  a l i s t  o f  B r i t i s h  in d ic a t o r  
p la n ts .  M i  n u a r t ia  v e r n a  a n d  T h la s p i  a lp e s t r e  a re  w id e s p r e a d  on  
m in e r a l i z e d  a re a s  in  E n g la n d  a n d  W a le s ,  a n d  A r m e r ia  m a r i t im a ,
S ile n e  m a r i t im a  W ith ,  a n d  C o c h le a r ia  o f f i c in a l i s  L .  o c c u r  d i s ­
j u n c t i v e l y  o n  h e a v y  m e t a l  s i te s  in  c e r t a in  a r e a s .  L y c h n is  a lp in a  is  
a p p a r e n t ly  a s s o c ia te d  w i t h  a p y r i t e  m in e r a l i s a t io n  on  H o b c a r to n  C r a g  
in  th e  L a k e  D i s t r i c t .  R a v e n  a n d  W a l te r s  (1956) a n d  P e a r s a l l  and  
P e n n in g to n  (1973) r e f e r  to  t h is  s ite  b u t  no  a n a ly t ic a l  d a ta  a p p e a rs  to  
b e  a v a i la b le .  V io la  lu te a  o c c u r s  o n  m e t a l l i f e r o u s  a re a s  in  D e r b y s h ir e  
a n d  B a lm e  (1954) o b s e r v e d  th e  s p e c ie s  g r o w in g  a b u n d a n t ly  on  th e  
d is t u r b e d  g r o u n d  a s s o c ia te d  w i t h  m in in g  in  th e  c o u n ty .  C o le  (1975) 
h a s  s u g g e s te d  th a t  th e  s p e c ie s  V .  lu te a  a n d  S a x if r a g a  h y p n o id e s  L .  a re  
in d ic a t o r s  in  D e r b y s h i r e .
O f  th e s e  s p e c ie s  in v e s t ig a t io n s  h a ve  b e e n  c o n f in e d  to  th e  f i r s t  f iv e ,  
M in u a r t i a  v e r n a , T h la s p i  a lp e  s t r e , A r m e r ia  m a r i t i m a , S ile n e  
m a r i t im a  a n d  C o c h le a r ia  o f f i c i n a l i s , a n d  h a v e  c o n c e n t r a te d  on  the  
w id e s p r e a d  s p e c ie s  M . v e r n a  a n d  T .  a lp e s t r e .
M .  V e r n a  is  a n  a r c t i c  a lp in e  s p e c ie s  w h i le  T .  a lp e s t r e  is  a p la n t  o f 
a lp in e  a f f i n i t i e s ,  (M a t th e w s ,  1937 ). F ig u r e  1. 1. a d a p te d  f r o m  M a t t f e ld  
( 1 9 2 9 ), s h o w s  th e  d i s t r i b u t io n  o f  th e  h ig h ly  v a r ia b le  s p e c ie s  M . v e r n a .
T .  a lp e  s t r e  to o  is  a v a r ia b le  s p e c ie s ,  o c c u r r in g  in  th e  u p la n d s  o f 
S o u th , W e s t  a n d  C e n t r a l  E u ro p e  a n d  is  n a tu r a l iz e d  in  p a r t s  o f  
S c a n d in a v ia ,  F ig .  1. 2 s h o w s  th e  d is t r ib u t io n  o f  T .  a lp e s tre  in  n o r t h e r n  
E u r o p e  a n d  th e  s p e c ie s  a ls o  o c c u r s  in  N o r th  A m e r ic a  (R o c h o w , 1970 ).
A .  m a r i t im a  ( F ig ,  1. 3) is  a w id e s p r e a d  and  o f te n  d is  c o n t in u o u s  l y  
d is t r ib u t e d  s p e c ie s  o f  E u r o p e ,  A s ia ,  N o r th  a n d  S o u th  A m e r ic a  
( B a k e r ,  1 9 4 8 ). S. m a r i t im a  is  c o n s id e r e d  in  F lo r a  E u ro p a e a  (1964) 
to  be  a s u b s p e c ie s  o f  S. v u l g a r i s , th e  s u b s p e c ie s  ra n g e s  a lo n g  the  
c o a s t  o f  W e s te r n  E u ro p e  f r o m  th e  A z o r e s  to  M u r m a n s k ,  C . o f f i c in a l i ^
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T h e  E u ro p e a n  H e a v y  M e ta l  F lo r a  is  a t  i t s  m a x im u m  d e v e lo p m e n t  in  the 
A a c h e n - L ie g e  r e g io n .  H e re  M . v e r n a , T .  a lp e s t r e , S. c u c u b a lu s ,
A .  m a r i t im a  a n d  V io la  c a la m in a r ia  o c c u r  in  a s s o c ia t io n .  A c c o r d in g  to  
D o b rz a n s k a  (1955) o f  th e  N o r th  W e s t E u ro p e a n  m e ta l  a s s e m b la g e  o n ly  
A r m e r i a  e lo n g a ta  H o f fm .  v a r .  h a l le r i  ( c lo s e ly  r e la t e d  to  A . m a r i t i m a ) 
o c c u r s  in  th e  B o le s la w - O lk u s z  a re a  o f  P o la n d .  T h e  l i s t s  o f  E r n s t  (1966) 
f o r  S o u th e rn  F r a n c e  s h o w  T . a lp e s t r e , S ile n e  c u c u b a lu s ,  A r m e r ia  
h a l le  r i  a n d  M . v e r n a . V .  c a la m in a r ia  is  a b s e n t.  M . v e r n a  is  a b s e n t 
f r o m  m a n y  m e t a l l i f e r o u s  a re a s  b e tw e e n  N o r th  W e s t  E u ro p e  a n d  T h e  A lp s ,
1. 6______ T h e  a im s  o f  th e  s tu d y
E v e n  th o u g h  w i t h in  th e  B r i t i s h  I s le s  th e r e  a re  h e a v y  m e ta l  p la n ts  
c lo s e ly  r e la t e d  to  th e  E u r o p e a n  f o r m s ,  w i t h  th e  e x c e p t io n  o f  th e  g e n u s  
V io la  in  w h ic h  o u r  m e ta l  t o le r a n t  s p e c ie s  a p p e a rs  to  be V .  lu t e a , 
n o w h e re  do th e y  c o m e  to g e th e r  a t  one s ite  to  f o r m  a c o m p le te  h e a v y  
m e t a l  a s s e m b la g e .  H o w e v e r ,  as  s h o w n  la t e r ,  e v e n  in  th e  A a c h e n -  
L ie g e  a r e a  a f u l l y  e x p re s s e d  a s s o c ia t io n  a p p e a rs  to  be th e  e x c e p t io n  
r a t h e r  th a n  th e  r u le .
T h is  is  ju s t  one o f  th e  p r o b le m s  o f  d is t r ib u t io n  a s s o c ia te d  w i th  th e s e  
h e a v y  m e ta l  s p e c ie s .  T h e  h e a v y  m e ta l  p la n ts  c h a r a c t e r i s t i c a l l y  in  
B r i t a i n  a n d  E u r o p e  s h o w  m a r k e d ly  d is ju n c t  d i s t r i b u t io n  in  r e la t io n  
to  m e t a l l i f e r o u s  s i te s .  O n  s u p e r f i c ia l  e x a m in a t io n  th e re  a p p e a r  to  be 
m a n y  h e a v y  m e ta l  h a b i ta ts  s u ita b le  f o r  th e s e  s p e c ie s  in  w h ic h  th e y  
d o  n o t  o c c u r .  C e r t a in  o f  th e s e  a n o m a lie s  a re  a l r e a d y  e x p la in e d .
C a lc iu m  s ta tu s  o f  th e  s o i l ,  f o r  e x a m p le ,  is  k n o w n  to  be v e r y  
s ig n i f i c a n t  in  th e  B r i t i s h  I s le s .  O th e r  fe a tu r e s  o f  d is t r ib u t io n  r e m a in  
u n s o lv e d .  F o r  e x a m p le  A .  m a r i t im a  o c c u r s  in  a fe w  a re a s  in  th e  
N o r t h e r n  P e n n in e s  b u t  n o t  on  a l l  m e t a l l i f e r o u s  s i te s  in  the  r e g io n .
T .  a lp e s t r e  in  D e r b y s h ir e  o c c u r s  on  h e a v y  m e t a l  s i te s  in  th e  s o u th e rn  
p a r t  o f  th e  c o u n ty  b u t  n o t  in  th e  m a jo r  m in in g  a r e a  b e tw e e n  Y o u lg re a v e ,  
B u x to n  a n d  C a s t le  to n . T h e s e  a n o m a lie s  o f  d i s t r i b u t io n  h a v e  b e e n  
in v e s t ig a te d .
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A s  o u t l in e d  e a r l i e r  in  o th e r  p a r t s  o f th e  w o r ld  th e  c la im  h a s  b e e n  
m a d e  f o r  c e r t a in  p la n ts  as  " u n iv e r s a l  i n d ic a t o r s " .  T h is  h a s  n e v e r  
b e e n  s u g g e s te d  f o r  th e  B r i t i s h  s p e c ie s  w i t h  th e  e x c e p t io n  o f  L y c h n is  
a lp in a , b u t  v e r y  s t r o n g  a s s o c ia t io n s  h a ve  b e e n  n o te d  in  c e r t a in  a re a s  
b e tw e e n  s o m e  o f  th e  s p e c ie s  a n d  h e a v y  m e ta l  s i t e s .  T h e  c o m m e n t  o f  
H e n w o o d  (1857) a b o u t A .  m a r i t im a  in  th e  D o lg e l la u  a re a  h a s  a lr e a d y  
b e e n  m e n t io n e d  a n d  W i l l ia m s  (1830) n o te d  th e  a s s o c ia t io n  o f  
T .  a lp e s t r e  w i t h  m in e s  in  th e  L la n w r s t - B e t w s - y - C o e d  a r e a .  M . v e r n a  
h a s  th e  lo c a l  n a m e  o f  le a d w o r t  in  th e  N o r t h e r n  P e n n in e s  ( H a l l id a y ,
1960).
F o r  a l l  th e  B r i t i s h  s p e c ie s  o f  in d ic a t o r  p la n t  th e  h e a v y  m e ta l  s i te  is  
one  h a b i t a t  c o m p o n e n t in  t h e i r  t o t a l  ra n g e .  T h e  im p o r ta n c e  o f  th is  
c o m p o n e n t  v a r ie s  f r o m  one a re a  to  a n o th e r  a n d  a n  a t te m p t  h a s  b e e n  
m a d e  to  e v a lu a te  i t s  c o n t r ib u t io n  to  th e  t o t a l  d is t r ib u t io n  o f  th e  v a r io u s  
s p e c ie  s .
H a l l id a y  ( i9 6 0 )  p o in ts  o u t th a t  th e  r e c o g n i t io n  o f  t o x i c i t y  in  th e  f i e ld  
is  f a r  f r o m  e a s y . In  th e  c o l le c t io n  o f  s o m e  s p e c im e n s  e v e n  m in e  
s i t e s  a p p e a r  to  h a ve  b e e n  u n r e c o g n is e d  o r  u n r e m a r k e d  u p o n . A  s p e c im e n  
o f  M .  v e r n a  a t  K e w  c o lle c te d  o n  th e  H e ig h ts  o f  A b r a h a m ,  M a t lo c k  in  
1865 b o re  th e  h a b i ta t  d e s c r ip t io n ,  " s h o r t  t u r f e d  s to n y  b a n k  a b o v e  d e e p  
c le f t  in  r o c k ,  w i t h  T h la s p i  a lp e s t r e " .  T h is  s e e m s  to  be a d e s c r ip t io n  
o f  a n  e x c a v a te d  v e in  a n d  a s s o c ia te d  m in e  d u m p . U n d is tu r b e d  
m in e r a l i s a t io n s  c a n  a ls o  be o v e r lo o k e d .  In  a w id e s p r e a d  s p e c ie s  s u c h  
a s  M in u a r t ia  v e r n a  th e  in t e r p r e t a t io n  o f  a v a i la b le  r e c o r d s  is  a n  
im p o r t a n t  p a r t  o f  th e  d is t r ib u t io n  s tu d y  a n d  t h is  te n d e n c y  f o r  p a s t  
o b s e r v e r s  to  f a i l  to  r e c o g n is e  to x ic  s ite s  m u s t be ta k e n  in to  a c c o u n t .
F o r  m o r e  th a n  2 , 000 y e a r s  h e a v y  m e ta l  m in in g  a c t i v i t y  h a s  h a d  th e  s id e  
e f f e c t  o f  e x p o s in g  f o r  p la n t  c o lo n iz a t io n  a re a s  o f  m e ta l  r i c h  m a t e r ia l .
In  c e r t a in  r e g io n s  a t  le a s t  th e r e  a p p e a rs  to  h a ve  b e e n  no  s u r fa c e  
e x p r e s s io n  o f  m in e r a l i s a t io n  b e fo re  m in in g  a c t i v i t y ,  th is  w a s  e s p e c ia l ly  
th e  c a s e  in  th e  N o r t h e r n  P e n n in e s  w h e re  a c o n t in u o u s  p e a t c o v e r  in
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m a n y  a re a s  n e c e s s i ta te d  th e  use  o f h u s h in g ,  a d e s t r u c t iv e  p r o s p e c t in g  
te c h n iq u e  in v o lv in g  th e  r e m o v a l  o f  p e a t b y  r u s h in g  w a te r .  S p o il  h e a p s  
p ro d u c e d  b y  m in in g  a c t i v i t y  a re  n o w  h a b ita ts  f o r  th e  in d ic a to r  s p e c ie s  
a n d  e x te n s io n s  o f  ra n g e  in  th e  c o u rs e  o f  m in in g  a c t i v i t y  m a y  be 
p r e s u m e d .  B r i t i s h  m in in g  h a s  te n d e d  to  be  c y c l i c a l  in  n a tu r e  w i th  
p e r io d s  o f  in te n s e  a c t i v i t y  fo l lo w e d  b y , in  c e r t a in  a r e a s ,  c e n tu r ie s  
o f  r e la t i v e  q u ie s c e n c e .  A t  th e  m o m e n t  m in in g  is  in  t o t a l  r e c e s s io n ,  
a r e c e s s io n  f r o m  w h ic h  i t  w i l l  p r o b a b ly  n o t ,  in  i t s  p r e v io u s  f o r m  a t 
le a s t ,  r e c o v e r .  S u c c e s s io n  s e e m s  to  be o c c u r r in g  a t  p r e s e n t  on  
w a s te  m a t e r ia ls  a n d  B r i t i s h  in d ic a t o r  p la n ts  m a y  n o w  be in  a p h a s e  
o f  ra n g e  c o n t r a c t io n .  A n  a t te m p t  h a s  t h e r e fo r e  b e e n  m a d e  to  
a s s e s s  th e  e f fe c ts  o f  e x te n s io n  a n d  c o n t r a c t io n  o f  ra n g e  in  th e  d i s ­
t r i b u t io n  o f  th e  in d ic a t o r  s p e c ie s  a n d  to  g a in  s o m e  id e a  o f  th e  r a te  
o f  th e  p r o c e s s  o f  s u c c e s s io n  o n  s p o i l  h e a p s .
E a r l i e r  in  th e  d is c u s s io n  o f  th e  d is ju n c t  d is t r ib u t io n s  s h o w n  b y  m a n y  
in d ic a t o r  s p e c ie s  the  v ie w s  o f  A n to n o v ic s  e t  a l  (1971), H e im a n s  ( I9 6 0 )  
a n d  S c h u ltz  (1912) w e r e  r e f e r r e d  to .  T h e  p o s s ib i l i t y  o f  lo n g  d is ta n c e  
d is p e r s a l ,  th e  e f f e c t  o f  m a n  o n  d is p e r s a l  g e n e r a l ly ,  a n d  the  p r o b le m  
o f  d e v e lo p m e n t  o f  to le r a n c e  a re  a l l  in v o lv e d .  I f  lo n g  d is ta n c e  
d is p e r s a l  is  r e je c t e d  th e n  c r e d ib le  s u r v i v a l  s i t e s ,  e i t h e r  f o r  m e ta l  
r e s is t a n t  p o p u la t io n s  o r  p o p u la t io n s  f r o m  w h ic h  t o le r a n t  in d iv id u a ls  
c o u ld  h a v e  a r is e n ,  m u s t  be p o s tu la te d .
L o n g  d is ta n c e  d is p e r s a l  is ,  as  a g e n e r a l ly  o p e r a t in g  p r o c e s s ,  n o t 
w id e ly  s u p p o r te d  a t  p r e s e n t .  C a in  (1944) s u m m a r iz e s  h is  v ie w ,  " t h a t  
lo n g  d is ta n c e  d is p e r s a l  h a s  r e s u l t e d  in  m ig r a t io n  a n d  a c c o u n te d  f o r  
d is c o n t in u o u s  a re a s  s e e m s  r a r e l y  to  h a v e  b e e n  th e  c a s e . T h is  c o n ­
c lu s io n  is  b a s e d  p r i m a r i l y  u p o n  e x is t in g  d is t r ib u t io n s  w h ic h  la r g e ly  
s h o w  s y m m e t r i c a l  r e p l ic a te  p a t te r n s  m o s t ly  u n r e la te d  to  c h a n c e  a n d  
o th e r  e le m e n ts  o f  d is s e m in a t io n ,  a n d  u p o n  e v o lu t io n a r y  p h e n o m e n a , 
s u c h  as  e n d e m is m  in  g e n e r a l  a n d  th e  o c c u r r e n c e  o f  lo c a l  r a c e s  in  
p a r t i c u la r .  "
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A n y  d is c u s s io n  o f  th e  l ik e l ih o o d  o f  lo n g  d is ta n c e  d is p e r s a l  o f  th e  
in d ic a t o r  s p e c ie  s is  m a d e  m o r e  c o m p l ic a te d  b y  th e  p o s s ib i l i t y  o f  the  
e f f e c t  o f  m a n .  T h e re  is  e v id e n c e  f o r  lo n g  d is ta n c e  t r a n s p o r t  o f  
M in u a r t ia  v e r n a  b y  h u m a n  a g e n c y . R u n e  (1953) c i t e s  N o rd h a g e n  (1930) 
w h o  r e c o r d e d  M . v e r n a  a t O d d a , S o u th  W e s t N o r w a y .  A p p a r e n t ly  th e  
p la n t  h a d  a r r i v e d  in  f lu o r s p a r  im p o r te d  f r o m  D e r b y s h i r e .  H a l l id a y  
(1 9 6 0 ) q u o te s  N o rd h a g e n  ( v e r b .  c o m m . ) w h o  s ta te s  th a t  M .  v e r n a  
a r r i v e d  in  N o r w a y  s u b s e q u e n t to  th e  im p o r t a t io n  o f  a c a rg o  o f  
D e r b y s h i r e  o re  b u t  a p p e a rs  to  h a ve  s in c e  b e c o m e  e x t in c t .  H i l t o n
(1 9 6 7 ) r e c o r d e d  S ile n e  m a r i t im a  f r o m  a c o p p e r  t ip  in  th e  lo w e r  
S w a n s e a  V a l le y .  T h e  p la n t  m a y  h a v e  a r r i v e d  w i t h  im p o r te d  o r e ,  th e r e  
b e in g  n o  n a t u r a l  m e t a l l i f e r o u s  o u tc ro p s  in  th e  a r e a ,  o r  m a y  be d e r iv e d  
f r o m  a lo c a l  m a r i t im e  p o p u la t io n .
A c c o r d in g  to  A n to n o v ic s  e t  a l  (1971) no  s p e c ie s  o f  m e ta l  r e s is t a n t  
p la n t  is  k n o w n  to  s h o w  in h e r e n t  to le r a n c e  o f  h e a v y  m e ta ls  th ro u g h o u t  
i t s  ra n g e .  T h is  is  r e le v a n t  to  th e  p o s s ib i l i t y  o f  lo n g  d is ta n c e  d i s ­
p e r s a l  b e tw e e n  n o n - r e s is t a n t  p o p u la t io n s  a n d  h e a v y  m e ta l  s i te s .
A b b o t  a n d  M i s i r  (no  r e fe r e n c e ) ,  q u o te d  in  A n to n o v ic s  e t  a l  (1971) 
f r o m  A n to n o v ic s  (1966 ), s h o w e d  th a t  a b o u t one  in  7 , 000 A g r o s t is  
te n u is  p la n ts  s h o w e d  in h e r e n t  r e s is ta n c e  to  c o p p e r  r i c h  s o i l ,  th e re  
w a s  s e le c t io n  f o r  to le r a n c e  in  one g e n e r a t io n .  I f  o th e r  s p e c ie s  
g e n e ra te  t o le r a n t  in d iv id u a ls  w i t h  a s im i l a r  f r e q u e n c y  th e  s m a l l  c h a n c e  
o f  lo n g  d is ta n c e  d is p e r s a l  f r o m  a n o n - t o le r a n t  p o p u la t io n  is  f u r t h e r  
r e d u c e d  b y  th e  r e m o te  p o s s ib i l i t y  o f  th e  d is p e r s e d  in d iv id u a l  s h o w in g  
t o le r a n c e .  A s  a n  e x a m p le ,  H a l l id a y  ( I9 6 0 )  s ta te s  th a t  f o r  M .  v e r n a  
th e  o r ig in  o f  th e  p o p u la t io n  n e a r  D o lg e l la u  in  W a le s  is  p u z z l in g  as  
th e r e  a r e  no  n e a r b y  n a t u r a l  h a b i ta ts .  T h e  n e a r e s t  s u b s ta n t ia l  m in e  
p o p u la t io n s  a r e  in  F l i n t s h i r e ,  a n  u n l i k e ly  s o u rc e  h e  b e l ie v e s .  He 
a ls o  e x p re s s e s  th e  o p in io n  th a t  s c a r c e ly  m o r e  p la u s ib le  is  a n  o r ig in  
f r o m  a n o w  e x t in c t  p o p u la t io n  o n  C a d e r  I d r i s ,  I I  k m .  to  th e  s o u th .
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I n  th e  c o u rs e  o f  th e  s tu d y  i t  w a s  t h e r e fo r e  d e c id e d  to  c o n s id e r  th e  
p o t e n t ia l  o f  d is p e r s a l  b y  m a n  a n d  a ls o  to  e v a lu a te  th e  p o s s ib i l i t y  o f  
s u r v i v a l  in  n a t u r a l l y  o c c u r r in g  m e t a l l i f e r o u s  a re a s  u n t i l  m in in g  
a c t i v i t y  m a d e  a v a i la b le  n e w  s i te s  f o r  c o lo n is a t io n .
M y  a t t i t u d e  to  th e  p o s s ib i l i t y  o f  lo n g  d is ta n c e  d is p e r s a l  is  g e n e r a l ly  
o n e  o f  s c e p t ic is m .  B e l ie f  in  th e  w id e s p r e a d  e f fe c t iv e n e s s  o f  lo n g  
d is ta n c e  d is p e r s a l  is  in  m a n y  c a s e s , a n d  th e  E u ro p e a n  h e a v y  m e ta l  
s p e c ie s  m a y  be in c lu d e d  h e r e ,  a m a t t e r  o f  in d iv id u a l  c o n v ic t io n .  
F r o m  a p r a g m a t ic  s ta n d p o in t ,  a n d  b e c a u s e  th e r e  is  no  e v id e n c e  f o r  
i t  in  the  l i t e r a t u r e ,  i t  is  n o t  th o u g h t  th a t  th e  o ld  m in e r s  w o u ld  t r a n s ­
p o r t  o r e  f r o m  one o r e f ie ld  to  a n o th e r ,  a n d  t r a n s p o r t  in  o re  is  th e  
w a y  M . v e r n a  a r r i v e d  in  N o r w a y .  T o  p ro v e  o r  r e fu te  d is p e r s a l  b y  
b i r d s  o r  t r a n s p o r t  in  th e  m u d  o n  m in e r s '  b o o ts  is  im p o s s ib le .  I  
b e l ie v e  th a t  s u g g e s t io n s  f o r  d is c o n t in u o u s  d i s t r i b u t io n  w h ic h  in v o lv e  
lo n g  d is ta n c e  d is p e r s a l  b e fo r e  a l l  o th e r  e x p la n a t io n s  h a v e  b e e n  
fo u n d  w a n t in g  a re  in h e r e n t ly  u n s a t is f a c t o r y  a n d  a s e a r c h  h a s  
t h e r e f o r e  b e e n  m a d e  f o r  n a t u r a l  o r  r e l a t i v e l y  u n d is tu r b e d  h e a v y  
m e t a l  p o p u la t io n s  in  a n  a t t e m p t  to  p o s tu la te  th e  e c o lo g ic a l  c o n d it io n s  
u n d e r  w h ic h  h e a v y  m e t a l  c o m m u n i t ie s  c o u ld  s u r v iv e  u n t i l  th e  
o n s e t  o f  m in in g .
G o d w in  (1956) b e l ie v e s  th a t  th e  h a b i ta ts  o f  th e  im m e d ia te  P o s t  G la c ia l  
p e r io d  w e re  o n e s  o f  r o c k y  b a s e  r i c h  s o i ls ,  e s p e c ia l ly  in  th e  u p la n d  
a r e a s ,  o c c u p ie d  b y  s p e c ie s  o f  th e  a r c t i c  a lp in e  ty p e .  W h e re  the  
c o v e r in g  o f  g la c ia l l y  d e r iv e d  m a t e r i a l  w a s  n o t  to o  g r e a t  th e  
m e t a l l i f e r o u s  v e in s  w e re  p r e s u m a b ly  e x p o s e d  a t  th e  s u r fa c e  a n d  m a y  
h a v e  h a d  s o m e  e f fe c t  o n  th e  s p e c ie s  c o m p o s i t io n  o f  s u c h  a re a s .
W ith  th e  p a s s a g e  o f  t im e  th e  r o c k y ,  b a s e  r i c h  s o i ls  g r a d u a l ly  
c h a n g e d ; th e y  w e re  c o v e r e d  b y  p e a t  in  th e  u p la n d  a r e a s ,  a n d  n e a r ly  
e v e r y w h e r e  w i t h  a m e l io r a t in g  c l im a t i c  c o n d it io n s  a n d  s o i l  d e v e lo p ­
m e n t , o th e r  s p e c ie s  a r r i v e d  t o  o u s t  th e  a r c t i c - a lp in e  f lo r a .  T h e  
e x te n t  to  w h ic h  th is  o c c u r r e d  o n  m e t a l l i f e r o u s  a r e a s  is  o b v io u s ly  o f 
c o n s id e r a b le  im p o r ta n c e  in  a n y  a t te m p t  to  p o s tu la te  re fu g e  s i te s  
f o r  th e  in d ic a t o r  s p e c ie s  a n d  th is  p r o b le m  h a s  b e e n  in v e s t ig a te d .
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A  m a jo r  p a r t  o f  th e  s tu d y  h a s  b e e n  th e  c o l le c t io n  o f  q u a n t i ta t iv e  d a ta  
o n  th e  v e g e ta t io n  a n d  s o i ls  o f  h e a v y  m e ta l  a re a s  w i th  th e  a im  o f  
c o r r e la t i n g  v e g e ta t io n  p a t t e r n  a n d  p r o c e s s  w i t h  e n v i r o n m e n ta l  and  
s o i l  f a c t o r s .  L o w  c o m p e t i t io n  is  a n  im p o r t a n t  a n d  g e n e r a l ly  
r e c o g n is e d  f a c t o r  in  th e  o c c u r r e n c e  o f  th e  in d ic a t o r  s p e c ie s  on  
h e a v y  m e ta l  s o i ls  a n d , a s  th e  c o m p e t i t iv e  a b i l i t y  o f  a s p e c ie s  m a y  
v a r y  th r o u g h o u t  i t s  ra n g e ,  r e la t e d  to  i t s  o w n  c a p a b i l i t ie s  a n d  th o s e  
o f  i t s  c o m p e t i t o r s ,  i t  w a s  h o p e d  to  in v e s t ig a te  t h is  a s p e c t  in  th e  
d i s t r i b u t io n  o f  th e  in d ic a t o r  s p e c ie s .  A  f i n a l  a im  w a s  to  a s s e s s  
th e  p o te n t ia l  o f  th e  B r i t i s h  m e ta l  t o le r a n t  s p e c ie s  as  in d ic a to r s  
o f  m in e r a l i s a t io n .
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C H A P T E R  2 .
T H E  M IN E R A L  D E P O S IT S , M IN IN G  
A N D
T H E  L E G A C Y  O F  M IN IN G  A C T I V I T Y  
2 . 1_______ T h e  g e n e r a l s i t u a t io n
M in in g  a c t i v i t y  h a s  p ro c e e d e d  in  th e  U n ite d  K in g d o m  s in c e  th e  B ro n z e  
A g e .  M o s t  c o u n t ie s  o f  u p la n d  E n g la n d ,  W a le s  a n d  S c o t la n d  h a ve  h a d , 
a t  s o m e  t im e ,  s m a l l  s c a le  m in in g  a c t i v i t y  w i t h in  t h e i r  b o u n d a r ie s ,  
b u t  th e  a re a s  o f  m a jo r  im p o r ta n c e  h a ve  b e e n  C o r n w a l l ,  D e v o n , 
S o m e r s e t ,  C e n t r a l  a n d  N o r t h  W a le s ,  th e  P e n n in e s ,  th e  L a k e  D i s t r i c t  
a n d  th e  S o u th e rn  U p la n d s  o f  S c o t la n d .  M in e r a l i s a t io n  w i t h in  the  
P a la e o z o ic  r o c k s  o f  th e s e  a re a s  h a s  g e n e r a l ly  b e e n  o f  th e  f i s s u r e  
ty p e  in v o lv in g  th e  im p r e g n a t io n  o f  f a u l t s  a n d  f r a c t u r e s  in  th e  c o u n t r y  
r o c k  b y  h y d r o t h e r m a l  s o lu t io n s  d is p e r s in g  f r o m  d e e p  s e a te d  e m a n a t iv e  
c e n t r e s .  T h e  c o u n t r y  r o c k s ,  th e  m o d e s  o f  o c c u r r e n c e  o f  o re  b o d ie s ,  
m in in g  h is t o r y ,  a n d  m in in g  m e th o d s  h a ve  a l l  h a d  c o n s id e ra b le  e f fe c ts  
u p o n  th e  d i s t r i b u t io n  o f  th e  in d ic a lo r  s p e c ie s ,  b o th  s p a t ia l l y  and  
t e m p o r a l l y ,  a n d  th e y  w i l l  t h e r e fo r e  be b r i e f l y  r e v ie w e d  h e re .
2 . 2_______T h e  o re  b o d ie s  a n d  t h e i r  m o d e s  o f  o c c u r r e n c e
T h e  m in e r a l i s a t io n s  m a y  be c c n v e r ie r t ly  d iv id e d  in to  tw o  g ro u p s ,  th o s e  
in  th e  c a lc a r e o u s  s e d im e n ts  o f  th e  L o w e r  C a r b o n i fe r o u s ,  a n d  th o s e  
in  th e  r o c k s ,  v e r y  o c c a s io n a l ly  c a lc a r e o u s ,  o f  o th e r  p e r io d s .  I t  is  on  
s u b s t r a te s  d e r iv e d  f r o m  th e  f o r m e r  th a t  th e  in d ic a t o r  p la n t  c o m m u n it ie s  
s h o w  t h e i r  g r e a te s t  e x p r e s s io n ,  a n d  th e s e  w i l l  be  d e s c r ib e d  f i r s t .
M in e r a l i s a t io n  in  th e  L o w e r  C a r b o n i fe r o u s
L e a d ,  in  th e  f o r m  o f  th e  p r i m a r y  m in e r a l  g a le n a , is  the  m o s t  a b u n d a n t 
m e t a l l i c  m in e r a l  in  th e  lo d e s  o f  th is  f o r m a t io n .  Z in c  is  a b u n d a n t a n d  
w id e s p r e a d  a n d  s i l v e r  is  o f te n  p r e s e n t  in  q u a n t i t ie s  s u f f ic ie n t  to  h a ve  
j u s t i f i e d  e x t r a c t io n .  C o p p e r  is  p r e s e n t  in  e c o n o m ic  q u a n t i t ie s  in  o n ly  
a  f e w  a r e a s .  C o m m o n  p r im a r y  g a n g u e  m in e r a ls  a re  c a lc i t e ,  q u a r tz ,
51
b a r y te s  a n d  f lu o r s p a r .  S e c o n d a ry  m in e r a ls  o c c u r  in  th e  o x id a t io n  
z o n e s  a n d  o n  th e  s p o i l  h e a p s  in  a l l  a r e a s .  C o n s id e r a b le  v a r ia t io n  in  
th e  r e la t iv e  a b u n d a n c e  o f  th e  v a r io u s  p r im a r y  a n d  s e c o n d a ry  m in e r a ls  
o c c u r s  b o t h  f r o m  o r e f ie ld  to  o r e f ie ld  a n d  w i t h in  th e  o r e f ie ld s  th e m ­
s e lv e s ,  o f te n  a d ja c e n t  v e in s  h a v e  q u a n t i t a t iv e ly  d i f f e r e n t  m in e r a l  
a s s e m b la g e s .
M in e r a l i s a t io n  in  th e  M e n d ip s  is  w id e s p r e a d  a n d  s u r fa c e  w o r k in g s  
o c c u r  o v e r  m u c h  o f th e  a r e a .  M in e r a l i s a t io n  o c c u r s  in  b o th  th e  
C a r b o n i f e r o u s  L im e s to n e  a n d  th e  o v e r ly in g  b e d s  o f  th e  P e r m ia n  
D o lo m i t i c  C o n g lo m e r a te ,  a c a lc a re o u s  r o c k  c o n ta in in g  m u c h  C a r b o n ­
i f e r o u s  L im e s to n e  m a t e r ia l .  T h e  e c o n o m ic  d e p o s its  w e re  fo u n d  a t  
S h ip h a m  a n d  C h a r te r h o u s e  a n d  n e a r  E a s t  H a r p t r e e ,  C h e w to n  M e n d ip  
a n d  P r id d y .  Z in c ,  in  th e  f o r m  o f  c a la m in e ,  w a s  p r e d o m in a n t  in  the  
D o lo m i t i c  C o n g lo m e r a te  a t  S h ip h a m , o c c u r r in g  in  m a n y  s m a l l  v e in s  
1 5 -6 0  c m  w id e .  G a le n a  o c c u r r e d  in  la r g e r  v e in s  in  th e  o th e r  m in e r ie s ,  
a c c o m p a n ie d  b y  th e  ga n g u e  m in e r a ls  c a lc i t e  a n d  q u a r tz  (G re e n ,  1958 ).
In  N o r t h  W a le s  th e  le a d  a n d  z in c  o r e s  a re  r e s t r i c t e d  m a in ly  to  the  
C a r b o n i f e r o u s  L im e s to n e  S e r ie s  a n d  the  C e f n - y - F e d w  S a n d s to n e  s e r ie s .  
T h e  v e in s  in  t h is  a r e a  w e re  f a r  m o r e  p r o d u c t iv e  th a n  in  M e n d ip  a n d  
s o m e  f la t s  w e re  e x p lo i te d .  T h e  e c o n o m ic  m in e r a ls  o f  th e  v e in s  w e re  
g a le n a  a n d  b le n d e  w i th  s o m e  s e c o n d a ry  c a la m in e .  T he  ga n g u e  m in e r a l  
is  p r e d o m in a n t ly  c a lc i t e  s p a r ;  so m e  q u a r tz  is  a ls o  p r e s e n t  (S m ith ,  1921),
T h e  D e r b y s h i r e  f i e l d  s h o w s  a g r e a te r  d iv e r s i t y  o f m o d e  o f  o c c u r r e n c e  
th a n  M e n d ip  a n d  a g r e a te r  d i v e r s i t y  o f  ga n g u e  m in e r a l  th a n  N o r th  
W a le s .  T h e  p ip e  o r  p ip e  v e in  f o r m e d  b y  th e  w id e n in g  o f a v e in  in  one 
o r  m o r e  b e d s  o f  l im e s to n e ,  w a s  im p o r t a n t  in  D e r b y s h i r e  o re  p r o ­
d u c t io n .  T h e  f l a t ,  e s s e n t ia l l y  a l a t e r i a l  d e v e lo p m e n t  o f  the  p ip e ,  
is  le s s  c o m m o n  in  D e r b y s h i r e .  In  th e  o r e f ie ld  g a le n a  a n d  b le n d e  
o c c u r  w i t h  f lu o r s p a r ,  c a lc i t e  a n d  b a r y te s .  T h e  ga n g u e  m in e r a ls  m a y  
d i f f e r  w id e ly  in  p a r a l l e l  v e in s  o r  e v e n  v a r y  l a t e r a l l y  a lo n g  the  s a m e  
v e in  ( C a r r u t h e r s  a n d  S tra h a n ,  1923).
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S u c h  m in e r a l  a s s e m b la g e s  o c c u r  th r o u g h o u t  the  P e n n in e s ,  M e ta s o r n a t ic  
r e p la c e m e n t  d e p o s its  a r e  p e c u l ia r  to  W e a rd a le  a n d  w e re  e c o n o m ic a l ly  
e x t r e m e ly  im p o r t a n t .  B a r y te s ,  f l u o r s p a r ,  a n d  th e  u n iq u e ly  N o r th e r n  
P e n n in e  m in e r a l ,  w ith e  r i t e ,  a re  p r e d o m in a n t  in  th e  n o r t h e r n  o r e f ie ld .  
C a lc i t e  h e re  p la y s  a s u b o rd in a te  r o le .  W i th in  th is  o r e f ie ld  z in c  w a s  
im p o r t a n t  to  th e  w e s t  o f  th e  B u r t r e e f o r d  D is tu r b a n c e ,  b u t  n o t in  the  
e a s te r n  p a r t s  o f  th e  f i e l d  (D u n h a m , 1948).
C o p p e r  is  r a r e l y  im p o r t a n t  in  th e  m in e r a l i s a t io n  o f  th e  C a r b o n i fe r o u s  
L im e s to n e ,  a lth o u g h  th e  c o p p e r  d e p o s it  a t  E c to n  H i l l  in  S ta f f o r d s h i r e  
w a s ,  f o r  a p e r io d ,  n a t io n a l ly  p r e d o m in a n t  in  th e  p r o d u c t io n  o f  c o p p e r  
o r e .  C o p p e r  a s s o c ia te d  w i t h  th e  C a r b o n i fe r o u s  L im e s to n e  a ls o  o c c u r s  
a t  G r e a t  O r m e ,  M a lh a m ,  a n d  n e a r  R ic h m o n d in  Y o r k s h i r e  (D e w e y  a n d  
E a s tw o o d ,  19 2 5 ).
M in e r a l i s a t io n  in  o th e r  f o r m a t io n s
M a jo r  f i s s u r e  ty p e  m in e r a l is a t io n s  in  r o c k s  o th e r  th a n  C a r b o n i fe r o u s  
in  age  o c c u r r e d  in  p a r t s  o f  C o r n w a l l ,  v e r y  im p o r t a n t l y  in  M id - W a le s ,  in  
th e  B e tw s - y - C o e d  r e g io n ,  in  th e  L a k e  D i s t r i c t  a n d  th e  S o u th e rn  U p la n d s  
o f  S c o t la n d .  T h e  c o u n t r y  r o c k s  ra n g e  f r o m  th e  D e v o n ia n  a n d  C a r b o n ­
i f e r o u s  K i l l a s  s la te s  o f  C o r n w a l l  to  the  P a la e o z o ic  s i l ic e o u s  g r i t s ,  
m u d s to n e s  a n d  s h a le s  o f  M id - W a le  s . H e re  th e  m a in  c o n s t i tu e n ts  o f  the  
lo d e s  w e re  q u a r tz ,  le a d ,  z in c ,  c o p p e r  a n d  i r o n  s u lp h id e s ,  c a lc i t e  w a s  
r a r e  (J o n e s , 1922 ). In  th e  L a k e  D i s t r i c t  le a d  o re s  a re  fo u n d  in  th e  
r o c k s  o f  th e  O r d o v ic ia n  B o r r o w d a le  V o lc a n ic  S e r ie s  (E a s tw o o d , 1921). 
G o p p e r  w a s  im p o r t a n t  in  th e  in t r u s iv e  a n d  a s s o c ia te d  s e d im e n ta r y  
r o c k s  o f  D e v o n  a n d  C o r n w a l l .  T h e  lo d e s  w e re  c h a r a c t e r i s t i c a l l y  
g o s s a n o u s  n e a r  th e  o u tc r o p  (D e w e y , 1923).
2 . 3 B r i t i s h  m in in g ,  th e  h i s t o r i c a l  sce n e
E v id e n c e  f o r  p r e - R o m a n  m in in g  is  s c a r c e  a n d  g e n e r a l ly  in d i r e c t .  
M in in g  te n d s  to  d e s t r o y ,  b y  i t s  p r o g r e s s ,  in d ic a t io n s  o f  p r e v io u s  
e x p lo i t i v e  a c t i v i t y .  T h e  m e ta l  f o r  th e  I r o n  a n d  B ro n z e  A g e  c u l t u r e s  
m a y  h a v e  b e e n  d e r iv e d  f r o m  n e a r  a t h a n d . F o r  in s ta n c e  in  th e  e x ­
c a v a t io n  o f  th e  G la s to n b u r y  la k e  v i l la g e  le a d  a r te fa c t s  w e re  u n e a r th e d ,  
t h is  le a d  w a s  p r o b a b ly  o b ta in e d  f r o m  s h a l lo w  w o r k in g s  in  th e  M e n d ip  
H i l l s  (G o u g h , 1930 ).
W ith  th e  c o m in g  o f  th e  R o m a n s  a n d  th e  im p o r t a t io n  o f  e x p e r t is e  
d e r iv e d  f r o m  t h e i r  m in e s  in  S p a in , m in in g  in c r e a s e d  in  b o th  s c a le  a n d  
e x te n t .  T h e  M e n d ip s  w e re  o c c u p ie d  a n d  m in in g  o r g a n is e d  w i t h  a la c r i t y ,  
le a d  b e in g  p ro d u c e d  th e r e  b y  A .  D . 50 , in  F l i n t s h i r e  b y  A .  D . 69 a n d  
in  Y o r k s h i r e  b y  A .  D . 81 ( R a is t r i c k  a n d  J e n n in g s ,  1965 ) . L e a d  p r o v e d  
e a s y  to  p ro d u c e  in  B r i t a i n  a n d  v e r y  q u ic k ly  th e  m in e s  o f  S p a in  w e re  
in  d e c l in e ,  P l i n y  th e  E ld e r  w r o te  in  A .  D . 77 o f  th e  r e s t r i c t i o n  o f  
B r i t i s h  p r o d u c t io n  b y  s ta tu te  ( R a is t r i c k  a n d  J e n n in g s ,  1965 ). R o m a n  
in f lu e n c e  e x te n d e d  e v e n  to  th e  r e m o te  a re a s  o f  th e  N o r t h e r n  P e n n in e s , 
a s i t e ,  C h e s te r s ,  in  th e  v a l le y  o f  th e  S o u th  T y n e  a b o v e  G a r r i g i l l ,  is  
s u p p o s e d ly  o f  R o m a n  o r i g i n  ( R a is t r i c k  a n d  J e n n in g s ,  1965 ). T h e  
R o m a n s  a p p a r e n t ly  d id  l i t t l e  in  th e  w a y  o f  m in e r a l  e x p lo r a t io n ,  v e in s  
p r e v io u s ly  e x p o s e d  b y  th e  B r i t o n s  w e re  p r e s e n t  in  a b u n d a n c e . T h e y  
a p p e a r  to  h a v e  m in e d  b y  o p e n  c a s t  m e th o d s  a n d  a ls o  b y  s h a l lo w  le v e l  
a n d  in t r o d u c e d  im p r o v e d  m e th o d s  o f  o r e  e x t r a c t io n ,  w a s h in g  a n d  
s m e l t in g .  F u r n a c e s ,  s la g  a n d  w a s h in g  d e b r is  a t t r ib u t a b le  to  th e  
R o m a n s  w e re  s e e n  a t  P e n t r e  H a lk y n  ( L e w is ,  1967) a n d  in  th e  T o v /n f ie ld  
a t  C h a r te r h o u s e  (G o u g h , 1 9 3 0 ). In  th e  la t t e r  th e y  l e f t  a s t r a t u m  o f  
s c o r ia ,  e a r t h  a n d  c h a r c o a l  tw o  fe e t  in  th ic k n e s s  ( W a ld ro n ,  in  G o u g h , 
1 9 3 0 ). R o m a n  m e th o d s  o f s m e l t in g ,  f o r  t e c h n ic a l  o r  p e rh a p s  e c o n o m ic  
r e a s o n s ,  w e r e  a p p a r e n t ly  in e f f i c ie n t ,  s o m e  o f  t h e i r  w a s te  m a t e r ia l  
c o n ta in e d  f r o m  2 0 -2 6 %  le a d .
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M in in g  d e c l in e d  u p o n  th e  d e p a r tu r e  o f  th e  R o m a n s  a n d  the  te m p o  w a s  s lo w  
u n t i l  th e  u p s u rg e n c e  o f  d e m a n d  f o r  le a d  b r o u g h t  a b o u t b y  th e  g r e a t  
e c c le s ia s t i c a l  c o n s t r u c t io n s  o f  the  e a r ly  M id d le  A g e s  ( L e w is ,  1967 ). L e a d  
w a s  e x p o r te d  to  E u ro p e  f r o m  th e  P e n n in e  o r e f ie ld s  in  th e  T w e l f t h  
C e n tu r y ,  t r a n s p o r t  b e in g  b y  c a r t  o r  p a c k  p o n y  to  a c o n v e n ie n t  r i v e r  
o r  s e a  p o r t ,  a n d  th e n  b y  se a  to  th e  u l t im a t e  d e s t in a t io n  ( R a is t r i c k  a n d  
J e n n in g s ,  1 9 6 5 ).
L a t e r  in  th e  M id d le  A g e s  th e  r e c o r d  is  o f  s lo w ,  a n d  o f te n  in t e r r u p t e d ,  
p r o g r e s s  u n t i l  th e  r e ig n  o f  E l iz a b e th  b r o u g h t  a r e n n a is s a n c e  to  B r i t i s h  
m in in g .  T h e  im p o r t a t io n  o f  G e rm a n  e x p e r t is e  a n d  th e  e s ta b l is h m e n t  o f  
th e  S o c ie ty  o f  M in e s  R o y a l,  a lth o u g h  n o t  im m e d ia t e ly  s u c c e s s fu l ,  
e v e n tu a l ly  p r o d u c e d  d iv id e n d s  in  th e  f ie ld s  o f  b o th  e x p lo r a t io n  a n d  
d e v e lo p m e n t  ( L e w is ,  19 6 7 ). B y  th e  la te  S e v e n te e n th  C e n tu r y  th e  S o c ie ty  
o f  M in e s  R o y a l  h a d  o u t l iv e d  i t s  u s e fu ln e s s  a n d  a t e s t  c a s e  in  1693 re m o v e d  
i t s  r e s t r i c t i v e  in f lu e n c e .  T h e  f in a n c ia l  b a s is  o f  m in in g  n o w  u n d e r w e n t  
a  c h a n g e  w i t h  th e  fo u n d in g  o f  th e  C o m p a n y  o f  M in e  A d v e n tu r e r s  a n d , 
im p o r t a n t l y ,  th e  Q u a k e r  L e a d  C o m p a n y ,  l a t e r  th e  L o n d o n  L e a d  C o m p a n y  
( R a i s t r i c k  a n d  J e n n in g s ,  1 9 6 5 ). U n s y s te m a t ic  e x p lo i t a t io n  w a s  n o w  
in c r e a s in g ly  r e p la c e d  b y  p r a g m a t ic  d e v e lo p m e n t .  T h e  l a t t e r  p a r t  o f  th e  
S e v e n te e n th  C e n tu r y  w a s  a n  age o f  t e c h n ic a l  in n o v a t io n .  T h e  d r a in a g e  
a d i t ,  th e  in t r o d u c t io n  o f  g u n p o w d e r  a n d  th e  u s e  o f  c o a l in  th e  r e v e r b e r a t o r y  
f u r n a c e  r e m o v e d  m a n y  r e s t r i c t i o n s  o n  th e  m in in g  o p e r a t io n  a n d  th e  w a y  
w a s  n o w  o p e n  to  la r g e  s c a le  e x p lo i t a t io n  o f  th e  m e t a l l i c  o re s  o f  E n g la n d  
a n d  W a le s .
T h e  I n d u s t r i a l  R e v o lu t io n  p ro d u c e d  im p r o v e m e n ts  in  o r e - d r e s s in g  a n d  
e n g in e s  b e c a m e  a v a i la b le  f o r  de w a te r in g  m in e s ,  a n  e v e r  p r e s e n t  p r o b le m .  
R a t io n a l is a t io n  o f  th e c p e ra t io n s  o f  th e  L o n d o n  L e a d  C o m p a n y  a s s u r e d  
i t s  p r o f i t a b i l i t y  in  th e  N in e te e n th  C e n tu r y ,  j o i n t  s to c k  c o m p a n ie s  w e re  
f lo a t e d  e ls e w h e r e ,  s o m e t im e s  w i t h  u n ju s t i f i e d  o p t im is m .  In  D e r b y s h i r e ,  
h o w e v e r ,  th e  s y s te m  o f  s m a l l  s c a le  f in a n c e  l a r g e ly  p r e v a i le d ,  th e r e  
w a s  l i t t l e  c o o p e r a t io n  b e tw e e n  n e ig h b o u r in g  m in e r s  o r  p a r t n e r s h ip s ,  a n d  
t h is  a f fe c te d  th e  d e v e lo p m e n t  o f  th e  in d u s t r y  in  th e  a r e a  ( R a is t r i c k  a n d  
J e n n in g s ,  1 9 65 ).
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A  d e c l in e  in  th e  f o r t u n e s  o f  th e  in d u s t r y  s e t  in  to w a r d s  th e  c lo s e  o f  th e  
N in e te e n th  C e n tu r y .  W ith  th e  o p e n in g  o f  r i c h  n a in e s  o v e rs e a s  B r i t i s h  
h e a v y  n n e ta l e x t r a c t io n  r a p id l y  b e c a m e  u n e c o n o m ic .  Im p o v e r is h m e n t  
o f  th e  o re  b o d ie s  in  d e p th  w a s  a p r o b le m  in  c e r t a in  m in e s  as w a s  the  
c o s t  o f  de w a te r in g  b u t  th e  m a jo r  r e a s o n  f o r  th e  d e c l in e  o f  th e  in d u s t r y  
w a s  th e  e f f e c t  o f  f o r e ig n  c o m p e t i t io n .  D e p r e s s io n  a n d  d e p o p u la t io n  in  
m a n y  d i s t r i c t s  o f  le a d  m in in g  B r i t a i n  e n s u e d .
2 . 4  E x p lo r a t io n  a n d  th e  e x t r a c t i v e  p ro c e s s
M in in g  e x p lo r a t io n  in  B r i t a i n  s e e m s , la r g e ly ,  to  h a ve  b e e n  a n  u n ­
s c ie n t i f i c  a n d  s p e c u la t iv e  p r o c e s s .  T h e r e  is  l i t t l e  e v id e n c e  in  th e  l i t e r a t u r e  
o f  v e g e ta t io n  b e in g  a r e c o g n is e d  p r o s p e c t in g  to o l  a n d  no  e v id e n c e  to  s h o w  
th a t  a n y  p a r t i c u la r  s p e c ie s  o f  p la n t  w a s  u s e d  as an  in d ic a t o r .  In  the  
M e n d ip s ,  h o w e v e r ,  m in e r s  a s s o c ia te d  p o o r  p la n t  g r o w th  w i t h  o re  
d e p o s i t s ;  in  1666 th e  R e v .  J o s e p h  G la n v i l  o f  F r o m e  ( c i te d  in  G o u g h , 1930) 
s ta te d  th a t  th e r e  w e r e ,  to  h is  k n o w le d g e ,  "n o  c e r t a in  s ig n s  a b o v e  g ro u n d  
th a t  a f f o r d e d  th e  p r o b a b i l i t y  o f  a m in e ,  b u t th a t  s o m e t im e s ,  w h e n  a n  
o r e  b o d y  w a s  v e r y  n e a r  th e  s u r fa c e ,  th e  g r a s s  w a s  y e l lo w  a n d  d i s ­
c o lo u r e d " .  O v e r  m u c h  o f  th e  P e n n in e s  th e  e x p lo r a t io n  p r o b le m  w a s  
e x a c e r b a te d  b y  p e a t,  th e  R o m a n s  m a y  h a v e  in t r o d u c e d  h u s h in g  to  s u r m o u n t  
t h is  d i f f i c u l t y .  E v e n  in  th e  N in e te e n th  C e n tu r y  in  tH s r e g io n  s p e c u la t iv e  
c r o s s  c u ts  w e r e  d r iv e n  in  a n t ic ip a t io n  o f  in t e r s e c t in g  v e in s  a t  d e p th ,  a l l  
to o  o f te n  w i t h  n o  r e s u l t  ( R a i s t r i c k  a n d  J e n n in g s , 1965).
T h e  e x t r a c t iv e  p r o c e s s e s  in  m in in g  a re  im p o r t a n t  in  th e  p r o d u c t io n  a n d  
m a in te n a n c e  o f  th e  in d ic a t o r  p la n t  h a b i ta t .  T h e  h i s t o r y  h a s  b e e n  one 
o f  s te a d y  im p r o v e m e n t  in  e x t r a c t iv e  p r o c e d u r e s ,  a n d  th is  h a s  le d  to  
th e  im p o r t a n t  p r a c t ic e  o f  r e w o r k in g  o ld  w a s te  m a t e r ia l .
O r e , u n t i l  th e  a d v e n t  o f  g u n p o w d e r ,  w a s  g o t b y  p ic k  a n d  w e d g e . In  
s tu b b o r n  c a s e s  o f  h a r d  r o c k ,  f i r e  s e t t in g  w o u ld  be r e s o r t e d  to .  In  
R o m a n  t im e s  a n d  th e  e a r l y  M id d le  A g e s  th e  la r g e  lu m p s  o f  o re  
w e r e  r e m o v e d  b y  h a n d , th e  r e m a in d e r  w a s  c ru s h e d  a n d  w a s h e d  s u p e r ­
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f i c i a l l y ,  a n d  m u c h  o re  m a t e r i a l  w e n t  o n to  th e  w a s te  h e a p . In  the  
S ix te e n th  C e n tu r y  th e  s im p le  h u d d le  w a s  in t r o d u c e d ,  fo l lo w e d  b y ,  
i n  1565, th e  s ie v e  a n d  tu b  ( R a is t r i c k  a n d  J e n n in g s ,  1965 ). T h is  l a t t e r  
d e v e lo p m e n t  p r o v id e d  e m p lo y m e n t  f o r  2 , 000 p e o p le  w h o  w e re  e n g a g e d  
i n  r e w o r k in g  th e  w a s te  h i l l o c k s  o f  D e r b y s h i r e ;  a n  in d ic a t io n ,  p e rh a p s ,  
o f  th e  in e f f i c ie n c y  o f  e a r l i e r  m e th o d s  o f  o re  e x t r a c t io n .
T h e  e a r l y  N in e te e n th  C e n tu r y  b r o u g h t  f u r t h e r  im p r o v e m e n ts  in  o re  
d r e s s in g  p r o c e d u r e s .  W a te r  s e p a r a t io n  m e th o d s  r e q u i r e ,  f o r  
m a x im u m  e f f ic ie n c y ,  a m a t e r i a l  o f  u n i f o r m  s iz e ;  c r u s h in g  r o l l e r s  
w e r e  t h e r e f o r e  in c r e a s in g ly  e m p lo y e d .  S u ch  in n o v a t io n s  e n a b le d  th e  
a g e n t  a t  D u f to n  M in e  in  W e s tm o r e la n d  to  r e p o r t ,  in  th e  1 8 2 0 's ,  th a t  
h e  w a s  a b le  p r o f i t a b ly  to  e m p lo y  a n u m b e r  o f  b o y s  to  w a s h  s p o i l  
p r o d u c e d  h a l f  a c e n tu r y  b e fo r e  ( R a is t r i c k  a n d  J e n n in g s ,  1965 ).
T h e  e x t r a c t i v e  p h a s e  o f  th e  in d u s t r y  w a s  o v e r  in  M e n d ip  b y  1800.
H e r e ,  in  th e  N in e te e n th  C e n tu r y ,  th e r e  w a s  c o n c e n t r a t io n  o n  th e  
r e m e l t in g  o f  th e  s la g s  o f  p r e v io u s  p e r io d s .  In  th e  f o u r  m in e r ie s  
o f  M e n d ip  t h is  a c t i v i t y  w a s  p u r s u e d  f o r  v a r y in g  t im e s  a n d  w i t h  v a r y in g  
s u c c e s s  u n t i l  S t. C u t h b e r t 's ,  th e  la s t  s m e l t e r ,  c lo s e d  in  1908 (G o u g h , 1930),
2 . 5______ T h e  m in in g  la n d s c a p e
T h e  c h a r a c t e r  o f  th e  m in in g  la n d s c a p e  is  a r e f le c t io n  o f  th e  to p o ­
g r a p h y  o f  th e  m in in g  a r e a  a n d  th e  m e th o d s  o f  m in in g  u s e d , th e  la t t e r  
d e p e n d e n t u p o n  th e  p h y s ic a l  a n d  g e o lo g ic a l  c o n d it io n s  p r e v a i l in g  in  
th e  o r e f ie ld ,  to g e th e r  w i t h  th e  te c h n o lo g ic a l  p o s s ib i l i t i e s  a t  th e  
p e r io d  o f  m a x im u m  m in in g  a c t i v i t y  a n d , to  a c e r t a in  e x te n t ,  th e  
s o c ia l  a n d  e c o n o m ic  c o n d i t io n s  p r e v a i l in g  w i t h in  th e  o r e f ie ld .
I n  th e  e a r l i e s t  p e r io d s  o f  m in in g  a b u n d a n t n e a r  s u r fa c e  m in e r a l i s a t io n  
w a s  a v a i la b le  f o r  e x p lo i t a t io n .  T h e  s im p le s t  m in in g  m e th o d s  w e re  
t h e r e f o r e  e m p lo y e d .  O p e n c a s t  te c h n iq u e s  w e re  fa v o u r e d ,  th e  v e in  
w a s  t r e n c h e d  a n d  o r e ,  a n d  s u f f i c ie n t  c o u n t r y  r o c k  as  n e c e s s a r y  to  
r e t a in  f r e e d o m  o f  o p e r a t io n ,  w a s  r e m o v e d .  W a s te  m a t e r ia l  w a s
57
o f te n  th r o w n  u p  a lo n g  th e  s id e  o f  th e  t r e n c h  a f t e r  s o r t in g  a n d  th e s e  
e a r l y  te c h n iq u e s  in v o lv e d  l i t t l e  s p a t ia l  d is p la c e m e n t  o f  e x c a v a te d  
m a t e r i a l .  In  c e r t a in  a r e a s  t r e n c h e d  v e in s ,  e x te n d in g  o f te n  f o r  s o m e  
d is ta n c e  a n d  p e rh a p s  m o d i f ie d  b y  l a t e r  a c t i v i t y ,  a r e  a fe a tu r e  o f  th is  
m in in g  s t y le .  T r e n c h in g  w a s  e f f e c t iv e  to  a d e p th  o f  s ix  m e t r e s  o r  so . 
A t  t h is  s ta g e  th e  s id e s  o f  th e  w o r k in g s  b e c a m e  u n s ta b le  a n d  th is  
p r e c lu d e d  f u r t h e r  e x c a v a t io n  ( R a is t r i c k  a n d  J e n n in g s ,  1965 ).
T h e  b e l l  p i t  w a s  a d e v e lo p m e n t  to  c o p e  w i t h  t h is  p r o b le m .  A  s h a f t  
w a s  s u n k  on  th e  l in e  o f  th e  v e in  to  a d e p th  o f  a b o u t 10 m e t r e s  a n d  
th e  v e in  w a s  th e n  w o r k e d  l a t e r a l l y  f r o m  the  fo o t  o f  th e  s h a f t .  S u ch  
m e th o d s  p ro d u c e d  l in e s  o f  s m a l l  s p o i l  h e a p s  o f  o re  s e e n  in  m a n y  
m in in g  a r e a s .  T h e re  w a s  a te n d e n c y  to  c a r r y  o u t so m e  o f  th e  s o r t in g  
in  th e s e  e a r l i e r ,  a n d  in d e e d  in  l a t e r ,  m in e s  b e lo w  g ro u n d .  O n ly  o r e ,  
w i t h  s o m e  a s s o c ia te d  g a n g u e  m a t e r ia l ,  w o u ld  be  b r o u g h t  to  th e  
s u r fa c e .  F o r  th is  r e a s o n  w o r k in g s  h i s t o r i c a l l y  r e c o r d e d  as  q u ite  
e x te n s iv e  m a y  le a v e  l i t t l e  s u r fa c e  e x p r e s s io n .  A t  H ig h  L o w  n e a r  
S h e ld o n  in  D e r b y s h i r e  o n ly  s m a l l  h e a p s  o f  w a s te  m a t e r i a l  a re  v is ib le  
o n  th e  s u r fa c e  to d a y ,  e v e n  th o u g h  m in in g  h e re  w a s  o n  q u ite  a 
c o n s id e r a b le  s c a le .  S u ch  h e a p s  a re  p r o b a b ly  o f  m a t e r ia l  e x c a v a te d  
in  th e  c o u rs e  o f  c o n s t r u c t io n  o f  th e  s h a f ts .  L a r g e r  p ie c e s  o f  l i m e ­
s to n e  m a y  a ls o  h a v e  b e e n  c a r r i e d  a w a y  a n d  u s e d  f o r  v a r io u s  p u rp o s e s .
T h e  h e a p s  p ro d u c e d  b y  b e l l  p i t t i n g  a r e  s m a l l  in  a r e a  a n d  g e n e r a l ly  
n o t  s te e p  s id e d .  T h e  p h y s ic a l  fo r c e s  o f  s lo p e  d e g r a d a t io n  h a ve  h a d  
c o n s id e r a b le  t im e  to  o p e r a te  o n  th e s e  h e a p s , th u s  f u r t h e r  s u b d u in g  
t h e i r  r e l i e f .  S u ch  h e a p s  te n d  to  be r e la t i v e l y  s ta b le  in  n a tu r e  a n d  
o f te n  a r e  e x te n s iv e ly  v e g e ta te d .
A s  m in in g  p ro c e e d e d  s u r fa c e  r e s e r v e s  b e c a m e  e x h a u s te d  a n d  i t  w a s  
n e c e s s a r y  to  e x te n d  th e  s e a r c h  to  g r e a t e r  d e p th  a n d  to  f r e s h  a r e a s .  
N e w  te c h n iq u e s  t h e r e f o r e  e v o lv e d .  D e e p  s h a f ts  w e r e  e m p lo y e d  in  
D e r b y s h i r e  a n d  th e  M e n d ip s ;  in  the  N o r t h e r n  P e n n in e s  th e  d is s e c te d  
to p o g r a p h y  fa v o u r e d  th e  le v e l .  M in in g  w a s  n o w  o n  a g r e a te r  s c a le  
w i t h  g r e a t e r  c a p i t a l i s a t io n  o f  th e  in d u s t r y ,  g r e a t e r  a m o u n ts  o f  s p o i l
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w e r e  p ro d u c e d ,  a n d  th e  n a tu r e  o f  d is p o s a l  o f  w a s te  m a t e r ia l  c h a n g e d  
a ls o .  M u c h  l a r g e r  t ip s  b e c a m e  c h a r a c t e r i s t i c  f e a tu r e s  o f  m in in g  
a r e a s .  S u c h  t ip s  a r e  o f te n  f l a t  to p p e d  a n d  s te e p  s id e d ,  in  th e  
N o r t h e r n  P e n n in e s  f r e q u e n t ly  e x te n d in g  f r o m  th e  m o u th  o f  th e  le v e l  
in  th e  m a n n e r  o f  a r a i lw a y  e m b a n k m e n t .  T h e  f l a t  s u r fa c e s  o f  th e s e  
t ip s  a r e  o f te n  c o m p a c te d  a n d  th e  s te e p  s id e s  a re  h ig h ly  u n s ta b le  
a n d  p o o r ly  v e g e ta te d .  D u r in g  th e  N in e te e n th  C e n tu r y  e x t r a c t io n  
p r o c e d u r e s  b e c a m e  m o r e  s o p h is t ic a te d ,  c r u s h in g  p ro c e s s e s  p r o ­
d u c e d  w a s te  o f  f i n e r  g ra d e  a n d  s u c h  m a t e r ia l ,  e s p e c ia l ly  w h e n  
d e p o s ite d  o n  s te e p  s lo p e s ,  c a n  be e x t r e m e ly  u n s ta b le  a n d  i n im ic a l  
to  p la n t  c o lo n iz a t io n .
C a r b o n i f e r o u s  L im e s to n e  is  th e  m a in  c o m p o n e n t  o f  th e  t ip s  o f  th e  
P e n n in e  s . In  c e r t a in  a r e a s  th e r e  is  a n  a d m ix tu r e  o f  Y o r e d a le  s h a le s  
a n d  s a n d s to n e s .  S o m e  o f  th e  s p o i l  m a t e r i a l  w a s  e x c a v a te d  in  th e  
c o u r s e  o f  d r i v in g  a c c e s s  o r  s p e c u la t iv e  le v e ls  a n d  is  o f  c o u n t r y  
r o c k ,  n o n  t o x ic  in  n a tu r e .  M a n y  o f  th e  s p o i l  h e a p s  a re  h e te ro g e n o u s  
in  o r i g i n ,  m a t e r ia l s  f r o m  d i f f e r e n t  v e in s  o r  d i f f e r e n t  p a r t s  o f  th e  
s a m e  v e in  m a y  e n d  u p  in  a s s o c ia t io n  o n  th e  t ip .  T h is  is  s e e n  o f te n  
in  th e  a n a ly s e s  o f  h e a v y  m e ta l  c o n c e n t r a t io n s ;  n o t  o n ly  do  c o n c e n ­
t r a t io n s  o f  one  m e ta l  c h a n g e  g r e a t l y  o v e r  s h o r t  d is ta n c e  b u t  th e  
r e la t i v e  p r o p o r t io n s  o f  th e  v a r io u s  m e ta ls  m a y  ch a n g e  a ls o .
In  c e r t a in  a r e a s  s m e lte d  m a t e r ia ls  o c c u r  o n  th e  t ip s .  A t  P lo m b iè r e s  
in  B e lg iu m  th e  p r e d o m in a n t  w a s te  is  a c in d e r y  ty p e  o f s la g ,  a t  
C h a r te r h o u s e  in  M e n d ip  a m o r e  g la s s y  s la g  is  s e e n , a n d  a t  S la g m i l l  
P la n ta t io n  in  D e r b y s h i r e  s la g  is  in  e v id e n c e  on  th e  s m a l l  w a s te  
h e a p s . G e n e r a l ly ,  h o w e v e r ,  s la g  is  n o t a c o m m o n  w a s te  m a t e r ia l  
in  th e  m in in g  a r e a s .  In  th e  l a t e r  p e r io d  o f  m in in g  o re  w a s  o f te n  
c a r r i e d  to  th e  c o a l f ie ld s  f o r  s m e l t in g ,  to  th e  L o w e r  S w a n s e a  V a l le y  
f o r  e x a m p le .  T h e  s m a l l  s c a le  s m e l t e r s  in  th e  m in in g  f ie ld s  h a ve  
g e n e ra l ly  l e f t  l i t t l e  e v id e n c e  o f  t h e i r  f o r m e r  p re s e n c e .
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A t  th e  h e ig h t  o f  m in in g  a c t i v i t y  th e r e  a p p e a rs  to  h a v e  b e e n  c o n s id e ra b le  
p o l lu t io n  a s s o c ia te d  w i t h  th e  e x t r a c t io n  a n d , e s p e c ia l ly ,  th e  s m e lt in g  
o f  o r e .  G o u g h  (1930) q u o te s  B e a u m o n t  w h o  in  w r i t i n g  a b o u t th e  M e n d ip s ,  
s ta te d  th a t  " i f  p e o p le  l i v in g  n e a r  th e  p la c e s  w h e re  o re  w a s  w a s h e d  
t r i e d  to  k e e p  c a ts  o r  d o g s , o r  a n y  k in d  o f  f o w l ,  th e y  a lw a y s  fo u n d  th a t  
th e y  d ie d  in  a s h o r t  t im e .  "  W a te r  w a s  s h o r t  o n  M e n d ip  a n d  th e re  w a s  
a  c o n s ta n t  r i s k  o f  c a t t le  b e in g  " m in d e r e d "  w h e n  t h e i r  d r in k in g  w a te r  
w a s  p o is o n e d  b y  m in in g  o p e r a t io n s .
S m e lt in g  w a s  a n  e s p e c ia l ly  in ju r io u s  a c t i v i t y .  G ra s s  w a s  r e g u la r l y  
p o is o n e d  a n d  in  th e  m id d le  o f  th e  la s t  c e n tu r y  f i s h  in  th e  r i v e r  a t  
C h e d d a r  s u f fe r e d  f r o m  th e  e f fe c ts  o f  th e  s m e l t e r s  a n d  a s s o c ia te d  
o p e r a t io n s  a t  C h a r te r h o u s e  (G o u g h , 1930 ). A n  in v o lv e d  la w s u i t  in  th e  
1 8 6 0 's  c o n c e r n e d  th e  r i g h t  to  u n p o l lu te d  w a te r  f o r  p a p e r  m a k in g  a t  
W o o k e y  H o le ,  th e  w a te r  b e in g  a f fe c te d  b y  the  s m e l t in g  a c t i v i t y  a t  
P r id d y ,  tw o  m i le s  u p s t r e a m .  I n  F l i n t s h i r e  to o  s i m i l a r  p r o b le m s  
o c c u r r e d  ( L e w is ,  1967 ).
P o l lu t io n  o f  w a te r  c o u r s e s  a n d  th e  p r o d u c t io n  o f  s u ita b le  h a b i ta t  f o r  
i n d ic a t o r  s p e c ie s  is  k n o w n  a t  p r e s e n t .  In  B e lg iu m  th e  f lo o d  p la in  o f  
th e  R iv e r  G h e u l b e tw e e n  L a  C a la m in e  a n d  th e  D u tc h  B o r d e r  
h a r b o u r e d ,  u n t i l  r e c e n t ly ,  e x te n s iv e  c o m m u n it ie s  o f  h e a v y  m e ta l  
v e g e ta t io n .  H e im a n s  ( I9 6 0 )  s ta te s  th a t  th e  a r e a  o c c u p ie d  b y  th e  
Z in c  P la n ts  in  t h is  v a l le y  e x te n d e d  to  th e  h ig h e s t  le v e l  o f  f lo o d in g  
a n d  K u r r i s  a n d  P a g n ie r  (1 9 5 5 ), c i t e d  b y  H e im a n s ,  s h o w e d  c o n c e n ­
t r a t io n s  o f  z in c  in  th e  s o i l  o f  th e  f lo o d p la in  a r e a .  T h e  f lo o d p la in  o f 
th e  lo w e r  A fo n  Y s tw y th  in  W a le s  is  c o n ta m in a te d  b y  le a d  a n d  the  b a n k s  
o f  E l l e r  B e c k  in  V /e n s le y d a le  s h o w  e v id e n c e  o f  c o n s id e r a b le  le a d  a n d  
z in c  d e p o s i t io n .
T h e  m in e r s  m a d e  u s e  o f  w a s te  m a t e r i a l  f o r  r o a d  b u i ld in g .  D a m p  
h o l lo w s  o n  th e  c o u rs e  o f  th e  b r id le w a y  f r o m  M a lh a m  to  S e tt le  in  
Y o r k s h i r e  a p p e a r  to  h a v e  b e e n  f i l l e d  w i t h  s p o i l .  C o n s id e r a b le  q u a n t i t ie s  
o f  o re  w e re  t r a n s p o r t e d  a lo n g  t r a c k s  in  m a n y  m in in g  a r e a s ,  s p i l la g e  
a n p c a r s  to  h a v e  o c c u r r e d  a n d  th is  h a s  le d  to  is o la t e d  a re a s  o f  t o x ic
s o i l .
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2 . 6______ T h e  f u t u r e  o f  B r i t i s h  m in in g
M in in g  in  B r i t a i n  h a s  in  th e  p a s t  c o n c e n t r a te d  o n  th e  e x t r a c t io n  o f  
th e  h ig h  g ra d e  o r e s  o f  f i s s u r e  ty p e  d e p o s its .  In  c e r t a in  a re a s  o f  
th e  n o r t h e r n  P e n n in e s  a n d  in  th e  r e m o t e r  r e g io n s  o f  W a le s  u n ­
e x p lo i t e d  m in e r a l i s a t io n s  o f  t h is  ty p e  s t i l l  e x is t .  M a n y  m in e s  
w e r e  a b a n d o n e d  a s  a m a t t e r  o f  e c o n o m ic s  r a t h e r  th a n  f o r  re a s o n s  
o f  s h o r ta g e  o f  o r e  a n d  th e s e  c o u ld  be re o p e n e d  i f  e c o n o m ic a l ly  
f e a s ib le .  T h e  fo r s e e a b le  f u t u r e  p r o b a b ly  l ie s  in  th e  e x p lo i t a t io n  
o f  lo w  g ra d e  o re  b o d ie s  o f  c o n s id e r a b le  e x te n t .  O ne s u c h  d e p o s it  
h a s  b e e n  p r o v e d  n e a r  D o lg e l la u  in  W a le s ,  a n d  th e  in te n s iv e  
e x p lo r a t io n  o f H ig h la n d  B r i t a i n  n o w  in  p r o g r e s s  h o ld s  h o p e s  o f  
o th e r s .  S u c h  la r g e  s c a le  o p e r a t io n s ,  in v o lv in g  th e  e f f i c ie n t  e x ­
t r a c t io n  o f  m e ta ls  f r o m  la r g e  a m o u n ts  o f  c o u n t r y  r o c k ,  w i l l  h a v e  
a n  e f f e c t  o n  th e  B r i t i s h  la n d s c a p e  f a r  in  e x c e s s  o f  th a t  p r o d u c e d  
in  th e  p a s t  2 , 000  y e a r s  o f  B r i t i s h  m in in g .
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C H A P T E R  3 
F I E L D  A N D  A N A L Y T I C A L  M E T H O D S
3. 1______ T h e  d a ta  on  th e  d i s t r i b u t io n  o f  th e  in d ic a t o r  s p e c ie s
In f o r m a t io n  o n  th e  d is t r i b u t io n  o f  th e  in d ic a t o r  s p e c ie s  h a s  b e e n  
a s s e m b le d  f r o m  a v a r i e t y  o f  s o u r c e s .  P la c e  o f  c o l le c t io n  d a ta  w a s  
o b ta in e d  f o r  s p e c im e n s  in  th e  H e r b a r iu m  a t  K e w  a n d  th e  r e c o r d s  
c o l le c t e d  u n d e r  th e  a u s p ic e s  o f  th e  B o ta n ic a l  S o c ie ty  o f  th e  B r i t i s h  
I s le s  (B . s . B .  I .  ) m a p p in g  p r o g r a m m e ,  h e ld  b y  th e  N a tu r e  C o n s e rv a n c y  
B io lo g ic a l  R e c o r d s  C e n t r e ,  w e r e  a ls o  u s e d . V a r io u s  c o u n ty  f l o r a s  
p r o v id e d  f u r t h e r  in f o r m a t io n  a n d  c e r t a in  p o p u la r  n a t u r a l  h is t o r ie s  
(R a v e n  a n d  W a l te r s  1956, C o n d r y  1966, H e r v e y  a n d  B a r n e s ,  1970) 
w e r e  u s e fu l  to  a l im i t e d  e x te n t .  S o m e  p a p e r s ,  e i t h e r  r e f e r r i n g  to  a 
s p e c i f i c  in d ic a t o r  p la n t  ( R i le y ,  1956) o r  to  a n  a r e a  in  w h ic h  th e  s p e c ie s  
o c c u r r e d  (P ig o t t ,1 9 5 6 )  w e re  a ls o  u s e fu l .  G e n e r a l ly  th e  m o r e  m o d e r n  
th e  r e c o r d  th e  m o r e  p r e c is e  is  th e  lo c a t io n  o f  th e  s i te  o f  c o l le c t io n  
o r  o b s e r v a t io n .  T h e  m o d e r n  f l o r a s  (C la p h a m , 1969) a n d  the  B . S. B . I .  
r e c o r d s  a re  e s p e c ia l ly  g o o d  in  t h is  r e s p e c t ,  o f te n  p r o v id in g  f o u r  o r  
s ix  f ig u r e  g r i d  r e f e r e n c e s ,
3 . 2______ F ie ld  m e th o d s
A n  i n i t i a l  r e c o n n a is s a n c e  w a s  u n d e r ta k e n  on  th e  b a s is  o f th e  d i s t r i ­
b u t io n a l  d a ta  a n d  a d d i t io n a l ly  f u r t h e r  a re a s  w e r e  v i s i t e d  w h e re  m in in g  
w a s  k n o w n  to  h a v e  b e e n  u n d e r ta k e n  in  th e  p a s t .  I n  th e  N o r t h e r n  
P e n n in e s  w h e re  th e r e  a r e  m a n y  s m a l l  m in e  w o r k in g s  o n  th e  C a r b o n i ­
f e r o u s  L im e s to n e  a d d i t io n a l  s i t e s ,  e s p e c ia l ly  f o r  M in u a r t ia  v e r n a  
a n d  T h la s p i  a lp e s t r e , w e r e  fo u n d ,  b u t  i n  a re a s  s u c h  as  th e  M e n d ip s  
a n d  D e r b y s h i r e  th e  d i s t r i b u t io n  d a ta  r e f le c t e d  a c c u r a t e ly  th e  a c tu a l  
d i s t r i b u t i o n  o f  th e  in d ic a t o r  s p e c ie s .  In  s h o r t  th e r e  a p p e a rs  to  be n o  
r e a s o n  to  d o u b t th e  o v e r a l l  p ic t u r e  o f  d is t r ib u t io n  c o m p i le d  f r o m  th e  
v a r io u s  s o u r c e s .
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In  th e  a r e a s  w h e re  th e  in d ic a t o r  s p e c ie s  a r e  r e la t i v e l y  s c a r c e ,  f o r  
e x a m p le  B e lg iu m  a n d  th e  M e n d ip s ,  a n  a t te m p t  h a s  b e e n  m a d e  to  v i s i t  
a l l  th e  k n o w n  s i t e s ,  in  o th e r  r e g io n s  t h is  w a s  im p r a c t ic a b le .  T h e  
g e n e r a l  a im  in  th e  s e a r c h  f o r  a re a s  f o r  f u r t h e r  s tu d y  w a s  to  id e n t i f y  
s i te s  w h ic h  a p p e a re d  t y p ic a l  f o r  a p a r t i c u la r  o r e f ie ld  a n d  a ls o  to  f in d  
a r e a s  w i t h  c o n s id e r a b le  e n v i r o n m e n ta l  h e te r o g e n e i t y  a n d  o f f e r in g  
o p p o r t u n i t ie s  f o r  s tu d y in g  h e a v y  m e ta l  r i c h  h a b ita ts  o th e r  th a n  s p o i l  
h e a p s .
In  th e  c o u r s e  o f  th e  re c o n n a is s a n c e  s p o t s a m p le s  w e re  ta k e n  f r o m  s ite s  
w h ic h  w e re  n o t to  be th e  s u b je c t  o f  m o r e  d e ta i le d  w o r k .  S u ch  s a m p le s  
w e re  g e n e r a l ly  c o l le c te d  f r o m  a n  a r e a  o f  f a i r l y  b a re  s p o i l  o c c u p ie d  b y  
th e  in d ic a t o r  s p e c ie s .  W h e r e v e r  p o s s ib le  a f l a t  s i te  w a s  s e le c te d  f o r  
s a m p l in g .  V /h i le  th e s e  s a m p le s  w e re  n o t r a n d o m ly  s e c u re d  i t  is  f e l t  
t h a t  th e y  p r o v id e  a d d i t io n a l  u s e fu l  in f o r m a t io n  w h e n  u s e d  in  c o n ­
ju n c t io n  w itb . s a m p le s  f r o m  th e  s a m e  r e g io n  c o l le c te d  in  a m o r e  
c o n t r o l le d  m a n n e r .
T r a n s e c ts  w e r e  u s e d  f o r  m o r e  d e ta i le d  s tu d y .  T h e  g e n e r a l  m e th o d  w a s  
to  r e c o r d  v e g e ta t io n  in  m e t r e  s q u a re  q u a d r a ts  a lo n g  a t r a n s e c t  l in e  
a n d  to  s a m p le  s o i l  o r  s p o i l  a t  r e g u la r ,  u s u a l ly  one o r  tw o  m e t r e ,  
i n t e r v a l s .  O n  c e r t a in  s p o i l  h e a p s  the  t r a n s e c ts  w e r e  lo c a te d  r a n d o m ly  
b u t  g e n e r a l ly  th e  r e la t i v e l y  s m a l l  a r e a l  e x te n t  o f  th e  m e t a l l i f e r o u s  
h a b i ta ts  a n d  th e  p a r t i c u la r  e n v i r o n m e n ta l  g r a d ie n ts  b e in g  c o n s id e r e d  
te n d e d  to  d ic ta te  th e  lo c a t io n  a n d  d i r e c t io n  o f  th e  t r a n s e c t  l in e .  S o m e ­
t im e s  th e  t r a n s e c ts  a r e  v e r y  s h o r t  a n d  th is  is  g e n e r a l ly  due to  th e  
v e r y  r e s t r i c t e d  e x te n t  o f  th e  m e t a l l i f e r o u s  s i te .
M o s t  t r a n s e c ts  h a v e  b e e n  p lo t t e d  in  d ia g r a m m a t ic  f o r m .  T h e  d ia g r a m s  
a re  g e n e r a l ly  s e l f  e x p la n a to r y  b u t  w h e re  th e  d ia g r a m  c o n ta in s  a r e l i e f  
p r o f i l e  t h is  is  i l l u s t r a t i v e  r a t h e r  th a n  c o m p le te ly  a c c u r a te .  O n  m a n y  
d ia g r a m s  th e r e  is  a c o n s id e r a b le  a m o u n t o f  v e r t i c a l  e x a g g e ra t io n .
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3 . 3_______ T h e  c o l le c t io n  a n d  i n i t i a l  t r e a tm e n t  o f  s o i l  s a m p le s
S a m p le s  w e r e  ta k e n  o f  s u r fa c e  s p o i l  o r  s o i l  w h e re  i t  w a s  e x p o s e d  o r ,  
w h e r e  a r o o t  m a t  w a s  p r e s e n t ,  o f  m a t e r i a l  j u s t  b e lo w  th e  m a t .  A l l  
s a m p le s  w e re  t h e r e fo r e  o b ta in e d  f r o m  th e  to p  1 0 c m  o f  th e  s u b s t r a te .  
A b o u t  lOOg o f  s o i l ,  s o m e t im e s  m o r e ,  w a s  c o l le c te d  a n d  a i r  d r ie d  as  
s o o n  a s  p r a c t ic a b le .  O n  th e  r e t u r n  to  th e  la b o r a t o r ie s  a l l  s a m p le s  
w e r e  d r ie d  in  a d r y in g  c a b in e t  a t  2 5 °C  a n d  a l l  a n a ly s e s  w e re  c a r r ie d  
o u t  o n  s o i l  w h ic h  h a d  b e e n  th u s  d r ie d .  T h e re  w a s  o f te n  s o m e  d e la y ,  
h o w e v e r ,  b e tw e e n  d r y in g  a n d  a c tu a l  a n a ly s is  a n d  i t  is  p o s s ib le  th a t  
c e r t a in  s a m p le s  to o k  u p  s o m e  a tm o s p h e r ic  m o is t u r e  a t  t h is  s ta g e .
T h is  is  b e l ie v e d  to  be  r e la t i v e l y  u n im p o r ta n t .
3 . 4_______ T h e  a n a ly s e s  f o r  h e a v y  m e ta ls  a n d  th e  b a s e s  c a lc iu m ,
m a g n e s iu m ,  s o d iu m  a n d  p o ta s s iu m
A l l  th e  a n a ly s e s  w e re  m a d e  f o r  t o t a l  c o n c e n t r a t io n s  o f  th e  h e a v y  m e ta ls  
a n d  b a s e s .  A n to n iv ic s  e t  a l  (1971) p o in t  o u t th a t  as  f a r  as  h e a vy  m e ta l  
a n a ly s is  is  c o n c e r n e d  th e r e  is  no  e v id e n c e  th a t  th e  m e th o d s  w h ic h  p u r ­
p o r t  to  m e a s u r e  p la n t  a v a i la b le  h e a v y  m e ta l  in  f a c t  r e f l e c t  m o r e  
a c c u r a t e ly  th e  a m o u n t  o f  h e a v y  m e ta l  a v a i la b le  to  p la n ts .  T o ta l  m e ta l  
c o n c e n t r a t io n  a p p a r e n t ly  r e la t e s  in  a r e a s o n a b ly  c o n s ta n t  w a y  to  th e  
c o n c e n t r a t io n  a f f e c t in g  th e  p la n ts ,  h a s  b e e n  u s e d  w i th  s u c c e s s  b y  a 
n u m b e r  o f  w o r k e r s  ( N ic o l ls  e t  a l ,  1965, C o le  e t  a l ,  1968) a n d  is  e a s y  
to  m e a s u r e .  I n  a d d i t io n  in  t h is  s tu d y  o th e r  s o i l  p a r a m e t e r s , c a lc iu m  
c o n c e n t r a t io n ,  o r g a n ic  m a t t e r  c o n te n t  a n d  p H , k n o w n  to  a f fe c t  h e a v y  
m e t a l  a v a i la b i l i t y  h a v e  b e e n  d e te r m in e d  a n d  h a v e  b e e n  u s e d  in  a n  
i n f e r e n t i a l  w a y  to  p r e d ic t  a c tu a l  s o i l  t o x ic i t y .
T o t a l  a n a ly s is  w a s  a ls o  p e r f o r m e d  f o r  th e  b a s e s  c a lc iu m ,  m a g n e s iu m ,  
s o d iu m  a n d  p o ta s s iu m .  T h is  m e th o d  w a s  u s e d  b e c a u s e  a g a in  i t  is  
r a p id  a n d  c o u ld  p ro d u c e  a la r g e  n u m b e r  o f  a n a ly s e s ,  e s p e c ia l ly  f o r  
c a lc iu m ,  f o r  u s e  in  th e  c o m p u ta t io n  o f  th e  c a lc iu m  to  h e a v y  m e ta l  
r a t i o  ( th is  r a t i o  is  d is c u s s e d  l a t e r  in  t h is  c h a p te r ) .  A s  w i t h  t o t a l  
m e t a l  d e te r m in a t io n s  i t  is  p r o b a b le  th a t  th e  r e s u l t s  p r o d u c e d  b y  th is
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m e th o d  o f  a n a ly s is  r e f l e c t  in  a r e la t iv e  w a y  th e  a m o u n ts  o f  the  b a s e s  
a v a i la b le  to  p la n ts ,  e s p e c ia l ly  in  r e la t io n  to ,  as h e r e ,  a r e l a t i v e l y  
u n i f o r m  e n v ir o n m e n t .  I t  m u s t  a ls o  be p o in te d  o u t th a t  e x c h a n g e a b le  
c a lc iu m  a n d  m a g n e s iu m  a re  d i f f i c u l t  to  d e te r m in e  in  s o i ls  c o n ta in in g  
f r e e  c a r b o n a te s ,  H e a ld  ( in  B la c k ,  1965) d o e s  n o t r e c o m m e n d  t h e i r  
e s t im a t io n  in  s u c h  s o i ls .
A l l  a n a ly s e s  w e re  c a r r ie d  out in  a -8 0  m e s h  s ie v e  f r a c t io n .  S a m p le s  
o f  0 . Ig  w e re  d ig e s te d  in  3 m l o f  8 N n i t r i c  a c id  f o r  95 m in u te s  in  a 
w a te r  b a th  a t  9 5 ° C . 7 m l o f d i s t i l l e d  w a te r  w e re  th e n  a d d e d  to  e a c h  
s a m p le ,  th e  s a m p le s  w e re  s h a k e n  a n d  a l lo w e d  to  s e t t le  b e fo r e  a n a ly s is .  
A n a ly s is  w a s  p e r f o r m e d  f o r  th e  h e a v y  m e ta ls  a n d  c a lc iu m  a n d  
m a g n e s iu m  u s in g  a S h a n d o n  S o u th e rn  A 3 0 0 0  a to m ic  a b s o r p t io n  s p e c t r o ­
p h o to m e te r  w h i le  s o d iu m  a n d  p o ta s s iu m  w e re  d e te r m in e d  u s in g  a 
G a lle n k a m p  f la m e  p h o to m e te r .  D i lu t io n  w h e re  n e c e s s a r y  w a s  m a d e  
w i t h  2 . 4 N  n i t r i c  a c id .  S o lu t io n s  o f  500 p p m  a n d  1000 p p m  s t r o n t iu m  in
2 . 4 N  n i t r i c  a c id  w e re  u s e d  to  s u p p re s s  in te r f e r e n c e  in  th e  a n a ly s e s  
f o r  c a lc iu m  a n d  m a g n e s iu m  r e s p e c t i v e ly .
D e t e r m in a t io n  o f  c o p p e r  in  th e  p e a ty  s o i ls  f r o m  D o lf r w y n o g  
(C h a p te r  9) w a s  c a r r ie d  o u t b o th  b y  th e  a b o v e  m e th o d  a n d  o n  a s h e d  
s o i l .  A  w e ig h e d  a m o u n t  o f  p e a ty  s o i l  w a s  a s h e d  a t  4 2 0 ° C , th e  w e ig h t  
lo s s  o n  a s h in g  w a s  c a lc u la te d  and  th e n  th e  a s h e d  s a m p le  w a s  s ie v e d  
to  -8 0  m e s h  a n d  a n a ly s e d  b y  th e  p r e v io u s ly  o u t l in e d  m e th o d .  T h e  
c o p p e r  c o n c e n t r a t io n  in  th e  p e a ty  s o i l  w a s  th e n  c a lc u la te d  u s in g  
th e  p e r c e n ta g e  w e ig h t  lo s s  on  a s h in g .  T h e  tw o  m e th o d s  g ave  
r e a s o n a b ly  c o m p a r a b le  r e s u l t s ,  b o th  s e ts  o f  a n a ly s e s  h a v e  b e e n  
p lo t t e d  o n  th e  d ia g r a m s  in  C h a p te r  9 b u t  g e n e r a l ly  th e  d e te r m in a t io n s  
m a d e  o n  a s h e d  s o i l  h a v e  b e e n  u s e d  in  th e  in t e r p r e t a t io n  o f  the  
r e la t io n s h ip s  b e tw e e n  v e g e ta t io n  a n d  s o i l  t o x i c i t y .  E x c e p t io n s  a re  
n o te d  in  th e  te x t .
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3. 5_______ T h e  d e te r m in a t io n  o f  t o t a l  p h o s p h o ro u s  c o n c e n t r â t ! ons
T h e  c o n c e n t r a t io n  o f  t o t a l  p h o s p h o ro u s  w a s  d e te r m in e d  in  a g ro u n d  
- 8 0  m e s h  s ie v e  f r a c t io n .  0 . 5g o f  p o ta s s iu m  b is u lp h a te  w a s  a d d e d  to  
0 . Ig  o f  g ro u n d  s o i l  a n d  m ix e d  a n d  fu s e d  u n t i l  a q u ie s c e n t  m e l t  w a s  
o b ta in e d .  2 m l  . o f  4 N  n i t r i c  a c id  w a s  th e n  a d d e d  a n d  th e  s a m p le  p la c e d  
in  a w a te r  b a th  f o r  one h o u r  a t  9 0 ° C , T h e  s a m p le s  w e re  th e n  d i lu te d  
to  1 0 m l w i t h  d i s t i l l e d  w a te r ,  m ix e d  a n d  a l lo w e d  to  s e t t le .  A  5 m l 
a l iq u o t  w a s  th e n  p ip e t te d  in to  a c o lo u r im e t e r  tu b e  a n d  2 m l  o f  
v a n a d a te - m o ly b d a te  s o lu t io n  a n d  3 m l o f  d i s t i l l e d  w a te r  w e re  a d d e d .
A n  E v a n s  E le c t r o  S e le n iu m  222  C o n c e n t r a t io n  C o lo u r  i r r e te r  w a s  u s e d  
to  d e te r m in e  th e  p h o s p h o ro u s  c o n c e n t r a t io n .
3 . 6_______ T h e  d e t e r m in a t io n  o f  p H
p H  w a s  m e a s u r e d  u s in g  20g  o f  s o i l  w h ic h  had  p a s s e d  th r o u g h  a 2 m m  
s ie v e .  A  1-1 s o i l - d i s t i l l e d  w a te r  m ix t u r e  w a s  g e n e r a l ly  e m p lo y e d  b u t 
c e r t a in  o r g a n ic  s a m p le s ,  m a in ly  f r o m  D o l f r w y n o g ,  r e q u i r e d  a 1 -2  
m ix t u r e .  A  P y e  p H  m e t e r  a n d  g la s s  e le c t r o d e  w e re  u s e d .
3 . 7_______ T h e  d e te r m in a t io n  o f  o r g a n ic  c a rb o n
O r g a n ic  a r b o n  w a s  d e te r m in e d  in  a - 2 m m  s ie v e d  f r a c t io n  u s in g  th e  
W a lk le y  a n d  B la c k  r a p id  t i t r a t i o n  m e th o d  ( P ip e r ,  1947 ). T h e  v a lu e  
h a s  b e e n  r e p o r t e d  th r o u g h o u t  as o r g a n ic  c a r b o n .
3 . 8  T h e  d e te r m in a t io n  o f  s o i l  t e x tu r e
T h e  d e te r m in a t io n s  w e re  m a d e  o n  s a m p le s  o f  2 0 g  w h ic h  h a d  p a s s e d  
th r o u g h  a 2 m m  s ie v e .  P a r t i c le  s iz e  a n a ly s is  f o r  s i l t  a n d  c la y  w a s  b y  
th e  p ip e t te  s a m p l in g  m e th o d  (D a y , in  B la c k ,  1965) f o l lo w in g  th e  d e s ­
t r u c t io n  o f  o r g a n ic  m a t t e r  b y  h y d ro g e n  p e r o x id e  a n d  d is p e r s a l  u s in g  
C a lg o n .  T h e  s a n d  f r a c t io n s  w e re  a n a ly s e d  b y  s ie v in g .  T h e  a n a ly s e s  
a r e  p re s e n te d  th r o u g h o u t  in  th e  c a te g o r ie s  c o a rs e  s a n d , m e d iu m  
s a n d , f in e  s a n d , s i l t  a n d  c la y .  T a b le  3 . 1 s h o w s  th e  s iz e  f r a c t io n s
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to  w h ic h  th e s e  c a te g o r ie s  c o r r e s p o n d .  T h e  c a te g o r ie s  a r e  a 
m o d i f i c a t io n  o f  th e  U n ite d  S ta te s  D e p a r tm e n t  o f  A g r ic u l t u r e  s y s te m  
( S o i l  S u r v e y  S ta f f ,  1951). T h e  U . S. D . A .  s y s te m  is  in c lu d e d  in  T a b le
3 .1  f o r  c o m p a r is o n .
T a b le  3. 1 D ia m e te r  r a n g e s  o f  s o i l  s e p a r a te s  e m p lo y e d  in  p a r t i c le  
s iz e  a n a ly s is .
U s e d  in  t h is  s tu d y
D ia m e te r  ra n g e  
m m
C o a r s e  s a n d  2 . 00 -  0 . 50
M e d iu m  s a n d  0 .5 0  -  0 .2 5
F in e  s a n d  0 .2 5  - 0 .0 5
S i l t  0 . 05 -  0 . 002
C la y  B e lo w  0 .0 0 2
U n ite d  S ta te s  D e p t ,  o f A g r i c u l t u r e  s y s te m
D ia m e te r  ra n g e  
m m
V e r y  c o a rs e  s a n d  2 .0 0  -  1 .0 0
C o a r s e  s a n d  1 ,0 0  - 0 . 5
M e d iu m  s a n d  0 .5  -  0 .2 5
F in e  s a n d  0 .2 5  -  0 .1 0
V e r y  f in e  s a n d  0 .1 0  - 0 . 0 5
S i l t  0 . 05 -  0 . 002
C la y  B e lo w  0 . 002
3 ._________ 8_T h e  d e t e r m in a t io n  o f  o r g a n ic  m a t t e r
A s  p o in te d  o u t  in  S e c t io n  3. 4 th e  p e a ty  s o i ls  f r o m  D o lf r w y n o g  b o g  in  
W a le s  w e re  a n a ly s e d  f o r  c o p p e r  in  tw o  w a y s ,  one  o f  w h ic h  in v o lv e d  
a s h in g  a t  4 2 0 ° C .  T h is  p ro d u c e d  d a ta  o n  the  p e rc e n ta g e  w e ig h t  lo s s  
o n  a s h in g  a n d  t h is  h a s  b e e n  a s s u m e d  to  c o r r e s p o n d  to  th e  o r g a n ic  
m a t t e r  c o n te n t  o f  th e  s o i l  a n d  h a s  b e e n  e x p r e s s e d  as  s u c h  in  th e  te x t .  
M e th o d s  o f  o r g a n ic  m a t t e r  d e te r m in a t io n  in v o lv in g  ig n i t io n  o f  s o i l
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a t  h ig l i  t e m p e r a tu r e s  a r c  n o t  as  a c c u r a te  a s  o th e r  m e th o d s  o f  o r g a n ic  
m .a t te r  d e te r m in a t io n  ( B la c k ,  1965) due  to  lo s s  o f  w a te r  f r o m  th e  
m in e r a ls  o f  th e  c la y  f r a c t io n  b u t in  r e la t io n  to  th e  p e a ty  s o i ls  f r o m  
D o l f r w y n o g  t h is  is  n o t  th o u g h t  to  be a s o u rc e  o f  s e r io u s  in a c c u r a c y .
3 . 9_______T h e  c a lc iu m - h e a v y  m e ta l  ( C a /H M )  r a t io
S c h w ic k e r a th  (1931) w o r k in g  o n  c a lc a r e o u s  s p o i l  h e a p s  in  E u ro p e  
s h o w e d  a b e t t e r  c o r r e la t i o n  b e tw e e n  v e g e ta t io n  a n d  a c a lc iu m - z in c  
r a t i o  th a n  b e tw e e n  th e  n a tu r e  o f  th e  v e g e ta t io n  a n d  t o t a l  z in c  c o n ­
c e n t r a t io n s .  H a l l id a y  ( I9 6 0 )  u s e d  a le  a d - c a lc iu m  r a t io  w h ic h  he fo u n d  
a c c o u n te d  w e l l  f o r  the  d i s t r i b u t io n  o f  M in u a r t ia  v e r n a  o n  th e  s p o i l  
h e a p s  o f  th e  N o r t h e r n  P e n n in e  s.
S c h w ic k e r a th  (1931) w a s  d e a l in g  w i t h  s p o i l  h e a p s  c o n ta in in g  p r e ­
d o m in a n t ly  z in c  a n d  H a l l id a y  ( i9 6 0 )  w i t h  o n e s  c o n ta in in g  m a in ly  le a d  
b u t  in  a w id e  r a n g in g  c o m p a r is o n  o f  t o x i c i t y  on  s p o i l  h e a p s  an  
im m e d ia te  p r o b le m  is  th a t  t o x i c i t y  m a y  be th e  r e s u l t  o f  h ig h  c o p p e r ,  
le a d  a n d  z in c  le v e ls ,  in  i s o la t io n  o r  in  a n y  c o m b in a t io n .  L i t t l e  
in v e s t ig a t io n  a p p e a rs  to  h a v e  b e e n  m a d e  o f  th e  e f fe c ts  o f  h e a v y  m e ta ls  
i n  c o m b in a t io n  o r  o f  th e  r e la t iv e  t o x i c i t i e s  o f  th e  h e a v y  m e ta ls .
T h e  f l o r a  o i  th e  c a lc iu m  r i c h  s p o i l  h e a p s  c o n s id e r e d  in  th e  c o u rs e  o f  
t h is  s tu d y  is  e s s e n t ia l l y  c o n s ta n t ,  th e r e  a re  no  m a jo r  c h a n g e s  b e tw e e n  
m e t a l l i f e r o u s  a re a s  w h ic h  m ig h t  be a s c r ib e d  to  th e  p re s e n c e  o r  
a b s e n c e  o f  a p a r t i c u la r  h e a v y  m e ta l  a n d  f o r  th e  in d ic a t o r  s p e c ie s  
M in u a r t ia  v e r n a , T h la s p i  a lp e s t r e , A r m e r ia  m a r i t im a  a n d  S ile n e  
m a r i t im a  e c o ty p e s  f o r  th e  th r e e  h e a v y  m e ta ls ,  c o p p e r ,  le a d  a n d  z in c  
a p p e a r  to  o c c u r .  In s p e c t io n  o f  the  a n a ly s e s  f r o m  v a r io u s  a re a s  
s u g g e s ts  th a t  c o m b in a t io n s  o f  tw o  h e a v y  m e ta ls  a t  m o d e ra te  c o n c e n ­
t r a t i o n s  r e s u l t  in  a v e g e ta t io n  s im i l a r  to  th a t  p ro d u c e d  b y  a h ig h  
c o n c e n t r a t io n  o f  one h e a v y  m e ta l  a lo n e .  T o  ta k e  a n  e x a m p le  th e  L a  
C a la m in e  a n d  T h e u x  s p o t s a m p le s  ( F ig .  4 .2 )  w i t h  le a d  a n d  z in c  le v e ls  
i n  th e  ra n g e s  ( w i th  s o m e  e x c e p t io n s )  3 0 -6 0 ,  000 p p m  a n d  1 0 -3 0 , 000 
p p m  r e s p e c t iv e ly  s u p p o r te d  v e g e ta t io n  e s s e n t ia l l y  s im i l a r  to  th a t  in  
th e  la s t  fe w  m e t r e s  o f  L a  C a la m in e  T r a n s e c t  1 ( F ig .  4 . 5) w h e re  
z in c  o c c u r r e d  in  c o n c e n t r a t io n s  a r o u n d  1 0 0 , 0 0 0  p p m  a n d  le a d  w a s  
v i r t u a l l y  a b s e n t .  In  a d d i t io n  a t  M a lh a m  T r .  8 b (C h a p te r  8 . 8 ) w h e re
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c o p p e r ,  le a d  a n d  z in c  o c c u r r e d  in  c o m b in a t io n  a t  h ig h  c o n c e n t r a t io n s  
v e g e ta t io n  w a s  v i r t u a l l y  n o n  e x is te n t ,  th e  im p r e s s io n  w a s  o f  a n  
e x t r e m e ly  t o x ic  s o i l .
T h e  f i e ld  e v id e n c e  t h e r e fo r e  s u g g e s ts  th a t  th e  h e a v y  m e ta ls  m a y  a c t  
i n  c o m b in a t io n  o r  in d iv id u a l l y  to  p ro d u c e  a c e r t a in  le v e l  o f  t o x i c i t y  
b u t  b e fo r e  s u c h  c o m b in e d  e f fe c ts  m a y  be ta k e n  in to  a c c o u n t  th e  r e la t iv e  
t o x i c i t i e s  o f  th e  h e a v y  m e ta ls  m u s t  be k n o w n .
J e f f r e y  e t  a l  (197 5) d e s ig n e d  a n  e x p e r im e n t  to  s im u la te  a c a lc a re o u s  
n u t r ie n t  p o o r  s i t e .  T h e y  g r e w  th e  g r a s s  F e s tu c a  r u b r a  s s p . c o m m u ta ta  
a n d  a  le g u m e ,  w h i te  c lo v e r ,  in  t h e i r  c u l t u r e  m e d iu m  a n d  m e a s u re d  
th e  r e d u c t io n  in  th e  d r y  w e ig h t  p r o d u c t io n  o f  th e  tw o  s p e c ie s  a t v a r io u s  
h e a v y  m e t a l  c o n c e n t r a t io n s .  T h e  r e s u l t s  s h o w e d  th a t  320  p p m  o f 
c o p p e r  p ro d u c e d  a r e d u c t io n  o f  8 0 -9 0 %  in  th e  d r y  w e ig h t  o f  b o th  
s p e c ie s  w h i le  3 , 000 p p m  o f  le a d  w a s  n e c e s s a r y  to  h a v e  th e  s a m e  e f fe c t .  
4 , 000  p p m  o f  z in c  p ro d u c e d  a r e d u c t io n  o f  80% in  th e  le g u m e 's  d r y  
w e ig h t  b u t  h a d  r e la t i v e l y  l i t t l e  e f fe c t  o n  th e  g r a s s .  30 , 000 p p m  o f  z in c  
w a s  n e c e s s a r y  to  r e d u c e  th e  d r y  w e ig h t  o f  th e  g r a s s  b y  80% .
T h e  r e s u l t s  o f  t h is  e x p e r im e n t  s u g g e s t th a t  in  c a lc a r e o u s  e n v i r o n ­
m e n ts  f o r  a g iv e n  c o n c e n t r a t io n  c o p p e r  is  m o r e  to x ic  th a n  le a d  a n d  
le a d  m o r e  t o x ic  th a n  z in c .  T h e  r e s u l t s  s u g g e s t th a t  c o p p e r  h a s  s e v e r a l  
t im e s  th e  t o x i c i t y  o f  le a d  a n d  f i e l d  o b s e r v a t io n s  s u p p o r t  th is  . M e t a l ­
l i f e r o u s  s i te s  w i t h  j u s t  a fe w  th o u s a n d  p p m  o f  c o p p e r  a n d  n o t  m u c h  
m o r e  le a d  a n d  z in c  ( G r iz e d a le  C o p p e r  M in e  T r .  9 , C h a p te r  8 ) s u p p o r t  
v e g fe ta t io n  s i m i l a r  to  th a t  o f  n e ig h b o u r in g  s i te s  w i t h  r e l a t i v e l y  l i t t l e  
c o p p e r  b u t  te n s  o f  th o u s a n d s  o f  p p m  le a d  a n d  z in c  (M a lh a m ,
C a la m in e  M in e  T r .  8 , F ig .  8 . 8 ).
T h e  r e la t io n s h ip  b e tw e e n  le a d  a n d  z in c  s u g g e s te d  b y  th e  e x p e r im e n ts  
o f  J e f f r e y  e t  a l  (1975) is  s o m e w h a t m o r e  e q u iv o c a l.  F o r  th e  le g u m e  
z in c  a p p e a rs  to  be  m a r g in a l l y  le s s  t o x ic  th a n  le a d  b u t  f o r  th e  g ra s s  
c o n s id e r a b ly  le s s  so . T o  r e t u r n  to  th e  L a  C a la m in e  T r .  1 ( F ig .  4 . 5)
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a n d  a s s u m in g  th a t  F e s tu c a  o v in a , th e  r e s id e n t  g r a s s ,  w i l l  b e h a ve  in  
a  s i m i l a r  w a y  to  th e  F . r u b r a  s s p . c o m m u ta ta  o f  th e  J e f f r e y  e t  a l  (197  5.) 
e x p e r im e n t  i t  is  d i f f i c u l t  to  see  h o w  th e  la t t e r  p a r t  o f  th e  t r a n s e c t ,  
w i t h  l i t t l e  le a d  and  p r e d o m in a n t ly  z in c  t o x ic i t y ,  c a n  be as  t o x ic  f o r  
F .  o v in a  g r o w th  as i t  a p p a r e n t ly  is .
W e ig h in g  th e  e v id e n c e  b a s e d  o n  f i e l d  o b s e r v a t io n s  a n d  on  th e  e x p e r i ­
m e n ts  o f  J e f f r e y  e t  a l  (1975 ) i t  w a s  d e c id e d ,  in  o r d e r  to  c o m p a re  
c a lc a r e o u s  m e t a l l i f e r o u s  e n v i r o n m e n ts ,  to  c o n s t r u c t  a c a lc iu m  to  
h e a v y  m e t a l  r a t i o  ( C a /H M  r a t io )  as  a m e a s u re  o f  t o x i c i t y  b a s e d  o n  th e  
a s s u m p t io n  th a t  one " u n i t "  o f  c o p p e r  w i l l  h a v e  th e  s a m e  e f fe c t  on  th e  
v e g e ta t io n  a s  te n  " u n i t s "  o f  le a d  o r  tw e n ty  " u n i t ^ 'o f  z in c  a n d  a ls o  th a t  
c o m b in a t io n s  o f  th e s e  h e a v y  m e ta ls  h a ve  a n  e f f e c t  o n  v e g e ta t io n  w h ic h  
i s  s i m i l a r  to  th a t  o f  a s in g le  h e a v y  m e ta l .
T h e  C a /H M  r a t io  is  th u s  a d e r iv a t io n  o f  p r e v io u s  r a t io s  w h ic h  
a c c o u n te d  f o r  t o x i c i t y  in  r e s p e c t  o f  a r e la t io n s h ip  b e tw e e n  c a lc iu m  
a n d  z in c  o r  c a lc iu m  a n d  le a d .  In  th e  m a jo r i t y  o f  B r i t i s h  s i tu a t io n s  
w h e r e  le a d  is  in  h ig h  c o n c e n t r a t io n  a n d  z in c  a t  f a i r l y  lo w  le v e ls  th e  
C a / H M  r a t io  is  e s s e n t ia l l y  a C a /P b  r a t io .  T h u s  m a n y  o f  th e  g e n e r a l 
r e la t io n s h ip s  b e tw e e n  p la n t  c o v e r  a n d  th e  C a /H M  r a t io  w h ic h  w i l l  be  
d e m o n s t r a te d  c o u ld  be  p ro d u c e d  u s in g  a C a /P b  r a t io  a lo n e . T h e  
in c lu s io n  o f  z in c  in  th e  C a /H M  r a t io  h o w e v e r  a l lo w s  s i te s  in  w h ic h  
z in c  p r e d o m in a te s  to  be  c o m p a re d  w i th  the  m a jo r i t y  o f  s i te s  in  w h ic h  
le a d  is  th e  im p o r t a n t  h e a v y  m e ta l .  T h e  C a /H M  r a t io  h a s  b e e n  a r r i v e d  
a t  b y  m e a n s  w h ic h  a re  m a in ly  e m p i r i c a l  b u t  th e  r a t io  a ls o  has  a n  
e m p i r i c a l  j u s t i f i c a t i o n  in  th a t  i t  a p p e a rs  to  w o r k .  W h ile  a h ig h  
d e g re e  o f  a c c u r a c y  is  n o t  c la im e d  f o r  th e  a s s u m p t io n  th a t  z in c  
h a s  f o r  a g iv e n  c o n c e n t r a t io n  h a l f  th e  t o x i c i t y  o f  le a d  th e  C a /H M  
r a t i o  c a lc u la te d  o n  th is  a s s u m p t io n  a p p e a rs  in  m a n y  c a s e s  to  a c c o u n t  
s a t i s f a c t o r i l y  f o r  th e  d i s t r i b u t io n  o f  th e  in d ic a t o r  a n d  o th e r  s p e c ie s .
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O ne o f  th e  b e s t  e x a m p le s  o f  th is  is  on th e  f lo o d p la in  o f  th e  s t r e a m  E l l e r  
B e c k  in  W e n s le y d a le  (C h a p te r  7. 2 ). T h e r e ,  d o w n s t re a m  f r o m  the  a re a  
o f  T h e  S t r a i t s  th e  r e la t i v e  im p o r ta n c e  o f  th e  h e a v y  m e ta ls  le a d  a n d  
z in c  in  th e  s o i ls  c h a n g e s , le a d  is  i n  h ig h e r  c o n c e n t r a t io n  n e a r  T h e  
S t r a i t s  b u t  z in c  is  a t  h ig h e r  le v e ls  th a n  le a d  f a r t h e r  d o w n s t r e a m .  O th e r  
a s p e c ts  o f  th e  e n v i r o n m e n t  a lo n g  th e  s t r e a m  r e m a in  r e la t i v e l y  c o n s ta n t  
h o w e v e r  a n d  in  c o n s e q u e n c e  le a d  a n d  z in c  a re  th e  m a jo r  v a r ia b le s .  
B e c a u s e  o f  th is  e n v i r o n m e n ta l  h o m o g e n e ity  in  v a r ia b le s  o th e r  th a n  th e  
h e a v y  m e ta ls  i t  is  p o s s ib le  to  c o n s id e r  a l t e r n a t iv e s  to  th e  C a /H M  
r a t io  a s  ju s t  d e s c r ib e d .  T h is  e x e r c is e  h a s  b e e n  c a r r ie d  o u t in  C h a p te r
7 .2  a n d  i t  w i l l  be  s e e n  th a t  th e  C a /H M  r a t io  b a s e d  o n  th e  a s s u m p t io n s  
th a t  le a d  a n d  z in c  a c t  in  c o m b in a t io n  to  p ro d u c e  t o x i c i t y  a n d  th a t le a d  
f o r  a g iv e n  c o n c e n t r a t io n  is  a b o u t tw ic e  as  t o x ic  as  z in c  a p p e a rs  to  
a c c o u n t  a d e q u a te ly  f o r  th e  d i s t r i b u t io n  o f  th e  in d ic a t o r  s p e c ie s  w h e n  
th e  a l t e r n a t iv e s  do  n o t .
L i t t l e  m e n t io n  h a s  b e e n  m a d e  o f  c o p p e r  in  th e  a b o v e  a c c o u n t  o f  th e  
C a / H M  r a t io .  In  th e  v a s t  m a jo r i t y  o f  B r i t i s h  m e t a l l i f e r o u s  s i te s  
c o p p e r  is  u n im p o r t a n t ,  g e n e r a l ly  b e in g  a ro u n d  100 p p m . E v e n  a t  
th e s e  s m a l l  c o n c e n t r a t io n s  c o p p e r  m a y  be h a v in g  a s l ig h t  e f f e c t  o n  s o i l  
t o x i c i t y  b u t  t h is  e f f e c t  h a s  b e e n  a s s u m e d  to  be  c o n s ta n t  a n d  c o p p e r  ha s  
n o t  b e e n  in c lu d e d  in th e  c a lc u la t io n  o f  r a t i o .  W h e re  c o p p e r  w a s  a t  a 
c o n c e n t r a t io n  in  e x c e s s  o f  300  p p m  i t  h a s  b e e n  in c lu d e d  in  th e  c a l ­
c u la t io n  o f  th e  C a /H M  r a t io  u s in g  th e  a s s u m p t io n  th a t  c o p p e r  has  
te n  t im e s  th e  t o x i c i t y  o f  le a d  as  s u g g e s te d  b y  th e  e x p e r im e n ts  o f 
J e f f r e y  e t  a l  (197 5). In  e f f e c t  c o p p e r  h a s  o n ly  b e e n  in c lu d e d  in  th e  
c a lc u la t io n  o f  th e  C a /H M  r a t io  in  c e r t a in  s i te s  in  th e  M a lh a m  a re a ,  
( C h a p te r  8 ).
T a b le  3 .2  s h o w s  h y p o th e t ic a l  e x a m p le s  o f  th e  c a lc u la t io n  o f  th e  C a /H M  
r a t io ,  f i r s t  f o r  a s u b s t r a te  c o n ta in in g  le a d  a n d  z in c  a n d  s u b s e q u e n t ly  
f o r  one  c o n ta in in g  c o p p e r  a t  a c o n c e n t r a t io n  in  e x c e s s  o i  300 p p m .
A s  th e  e x a m p le s  s h o w  c o p p e r  a n d  z in c  a r e  c o n v e r te d  to  a " le a d  
s ta n d a r d " .
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T a b ic  3. 2 T h e  m e th o d  o f  c a lc u la t io n  o f  th e  C a /H M  r a t io
E x a m p le  1: a s o i l  w i t h  le s s  th a n  300 p p m  c o p p e r
L e a d  Z in c  C a lc iu m
(p p m )  (p p m )  (p p m )
4 0 , 000  2 0 ,0 0 0  1 0 0 ,0 0 0
H M  = - y  + P b  
H M  = 10, 000 4- 4 0 , 000 
H M  = 5 0 ,0 0 0
C a / H M  = 100, 0 0 0 /5 0 ,  000 
C a / H M  = 2 /1  
E x p r e s s e d  a s  C a /H M  = 2 .
E x a m p le  2 : a s o i l  w i t h  o v e r  300 p p m  c o p p e r
C o p p e r  L e a d  Z in c  C a lc iu m
(p p m )  (p p m ) (p p m ) (p p m )
1, 000  3 0 ,0 0 0  2 0 ,0 0 0  1 0 0 ,0 0 0
H M  -  10 C u  + P b  +
H M  = 10, 000  + 3 0 ,0 0 0  + 1 0 ,0 0 0  
H M  = 5 0 ,0 0 0
C a /H M  = 100, 0 0 0 /5 0 ,  000 
C a / H M  = 2 /1  
E x p r e s s e d  as  C a /H M  2 .
12
3 . 10______ T h e  c o p p e r - o r g a n ic  m a t t e r  r a t i o
A t  D o l f r w y n o g  b o g  in  W a le s  c o p p e r  is  p r e s e n t  in  h ig h  c o n c e n t r a t io n s  
in  p e a ty  s o i ls .  A s  h a s  b e e n  d is c u s s e d  in  C h a p te r  1 th e r e  is  c o n s id e r a b le  
e v id e n c e  th a t  q u a n t i t ie s  o f  o r g a n ic  m a t t e r  in  a s o i l  a f f e c t  th e  a v a i l a b i l i t y  
a n d  h e n c e  th e  t o x i c i t y  o f  h e a v y  m e ta ls .  A c c o r d in g ly  i t  w a s  d e c id e d  
to  c a lc u la te  a c o p p e r - o r g a n ic  m a t t e r  r a t i o  ( C u /O M  r a t io )  f o r  the  
s o i ls  a t  D o l f r w y n o g  b o g . T h e  f ig u r e  f o r  p e rc e n ta g e  w e ig h t  lo s s  on  
a s h in g  h a s  b e e n  ta k e n  to  r e p r e s e n t  th e  a m o u n t o f  o r g a n ic  m a t t e r  in  
th e  s o i l .  T h e  r a t i o  is  a s im p le  d iv is io n  o f  c o p p e r  c o n c e n t r a t io n  b y  th e  
p e r c e n ta g e  o f  o r g a n ic  m a t t e r .  T h u s  a s o i l  w i t h  1, 000 p p m  c o p p e r  a n d  
10% o r g a n ic  m a t t e r  w i l l  h a v e  a C u /O M  r a t io  o f  100.
T h e  C u /O M  r a t io  is  v e r y  s i m i l a r  in  r a t io n a le  to  th e  C a /H M  r a t io  a n d  
a s  w i l l  be  s h o w n  in  C h a p te r  9 a p p e a rs  to  a c c o u n t  m o r e  s a t i s f a c t o r i l y  
f o r  tn e  d is t r i b u t io n  o f  th e  in d ic a t o r  s p e c ie s  a t  D o l f r w y n o g  th a n  
m e a s u r e m e n ts  o f  c o p p e r  c o n c e n t r a t io n  a lo n e .
3. 11_______ A c c u m u la te d  d a y  d e g re e s  a n d  t h e i r  m e th o d  o f  c a lc u la t io n
T e m p e r a tu r e  is  c o n s id e r e d  to  be  a n  im p o r t a n t  f a c t o r  in f lu e n c in g  th e  
d i s t r i b u t i o n  o f  p la n t  c o m m u n i t ie s  a n d  s p e c ie s  (G o o d , 1974). V a r io u s  
p a r a m e te r s  o f  t e m p e r a tu r e  h a v e  b e e n  u s e d  in  r e la t io n  to  e x p la n a t io n s  
o f  th e  d i s t r i b u t io n  o f  p la n ts ,  a m o n g  th e m  m e a s u r e m e n ts  o f  a c c u m u la te d  
t e m p e r a t u r e .  O p in io n s  h a v e  v a r ie d  o n  th e  u s e fu ln e s s  o f  a c c u m u la te d  
t e m p e r a tu r e  a s  a d e te r m in a n t  o f  th e  p h y s io lo g ic a l  c o n d it io n s  o f  p la n t  
g r o w th .  K la g e s  (1949) h a s  s u g g e s te d  th a t  th e  a s s u m p t io n  th a t  a l i n e a r  
r e la t io n s h ip  e x is t s  b e tw e e n  te m p e r a tu r e  a n d  p la n t  g r o w th  is  f a l la c io u s .  
H e  f e l t  th a t  t h is  w a s  e s p e c ia l ly  th e  ca s e  w h e n  th e  t e m p e r a tu r e  e x c e e d e d  
o p t im u m  c o n d i t io n s .  W u l f f  (1943) h o w e v e r  has  p o in te d  o u t th a t  th e  m o s t  
im p o r t a n t  c a u s e  o f  a l t i t u d in a l  c l im a t i c  b o u n d a r ie s  is  in s u f i i c ie n t  
w a r m th .
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A c c u m u la te d  t e m p e r a tu r e s  e x p r e s s e d  in  d a y  d e g re e s  a b o v e  4 Z ° F  
( 5 .6 ° C )  h a v e  b e e n  u s e d  in  p r e fe r e n c e  to ,  f o r  in s ta n c e ,  a s im p le  m e a s u r e ­
m e n t  o f  th e  m e a n  o f  th e  w a r m e s t  m o n th  in  th e  b e l ie f  th a t  th e y  c o n v e y  
m o r e  in f o r m a t io n  a b o u t th e  d e t e r io r a t io n  o f  c l im a te  n o r th w a r d s  a n d  
w i t h  in c r e a s e  in  a l t i t u d e  in  th e  s tu d y  a r e a s .  T a b le  3. 3 s h o w s  J u ly  
m e a n  t e m p e r a tu r e  a n d  a c c u m u la te d  d a y  d e g re e  to t a ls  f o r  f o u r  B r i t i s h  
o r e f ie ld s .
T a b le  3 . 3 s h o w s  t h a t  w h i le  th e  m e a n  J u ly  t e m p e r a tu r e s  o f  th e  o r e f ie ld s  
f a l l  f r o m  th e  M e n d ip s  to  th e  M a lh a m  r e g io n  in  f a i r l y  e q u a l s te p s  o f  
a r o u n d  1 °F  (O. 6 ° C )  th e  d a y  d e g re e  to t a ls  do  n o t f o l lo w  th e  s a m e  p a t te r n .  
T h e  c h a n g e  in  d a y  d e g re e  to t a ls  b e tw e e n  th e  M e n d ip s  a n d  H a lk y n  
M o u n ta in  s u g g e s t  a g r e a t e r  c l im a t i c  d i s p a r i t y  th a n  m ig h t  be s u p p o s e d  
o n  th e  b a s is  o f  a d i f f e r e n c e  in  m e a n  J u ly  t e m p e r a tu r e  o f  0 . 8 ° F  
(0 . 5 ° C ) .  T h e  d i f f e r e n c e  in  d a y  d e g re e  t o ta ls  p r o b a b ly  p r o v id e s  th e  
b e t t e r  in d ic a t io n  o f  th e  a c tu a l  c l im a t i c  c h a n g e s , r e f le c t in g  as  i t  
d o e s  th e  lo n g e r  g r o w in g  s e a s o n  in  th e  M e n d ip s .
T h e  m e th o d  u s e d  is  th a t  o f  T h o m  (1954) e m p lo y in g  th e  n e c e s s a r y  d a ta  
o f  She H a r d  (1 9 5 9 ). T h e  m o s t  p r e c is e  m e th o d  o f  c a lc u la t in g  a c c u m u la te d  
d a y  d e g re e  to t a ls  in v o lv e s  th e  u s e  o f  d a i ly  v a lu e s  o f  m a x im u m  a n d  
m in im u m  te m p e r a tu r e  b u t  t h is  is  o b v io u s ly  t im e  c o n s u m in g  a n d  
r e q u i r e s  a la r g e  a m o u n t  o f  d a ta .  T h e  m o r e  s im p le  m e th o d  in v o lv in g  
th e  u s e  o f  a v e ra g e s  o f  m o n th ly  m e a n  t e m p e r a tu r e  s u f fe r s  f r o m  th e  
d i f f i c u l t y  t h a t  w h e re  m o n th ly  m e a n s  a r e  a r o u n d  th e  b a s e  te m p e r a tu r e  
n o r m a l  d a y  to  d a y  te m p e r a tu r e  v a r ia t io n  w i l l  n o t  be  s a t is f a , c t o r i ly  
ta k e n  in to  a c c o u n t .  F o r  e x a m p le  u s in g  a b a s e  te m p e r a tu r e  o f  4 2 ° F  a 
m o n th  w i t h  a n  a v e ra g e  m e a n  o f  41. 5 ° F  w o u ld  n o t " s c o r e "  a n y  a c c u m u la te d  
d a y  d e g re e s ,  c l e a r l y  in  e r r o r  f o r  s o m e  d a y s  a re  s u re  to  s h o w  m a x im u m  
t e m p e r a tu r e s  in  e x c e s s  o f  4 2 ° F .  M o r e  s o p h is t ic a te d  m e th o d s  h a ve  
b e e n  e v o lv e d  to  co p e  w i t h  th is  p r o b le m ,  th e  m e th o d  o f  T h o m  (1954) 
a s  S h e l la r d  (1959) d e m o n s t r a te s  w i t h  w o r k e d  e x a m p le s  s e e m s  to  be 
th e  b e s t .  In  She H a r d 's  e x a m p le  th e  f ig u r e  p ro d u c e d  b y  T h o m 's  m e th o d
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d i f f e r s  b y  o n ly  one d a y  d e g re e  f r o m  th e  p r e c is e  c o m p u ta t io n .  T h o m 's  
m e th o d  u s e s  th e  s ta n d a rd  d e v ia t io n  o f  m o n th ly  m e a n  t e m p e r a tu r e s  
c o m b in e d  w i t h  m o n th ly  m e a n s  to  p ro d u c e  a s t a t i s t i c a l  e s t im a te  o f  
th e  a d d i t io n a l  d a y - d e g r e e s  in  m o n th s  w h e n  th e  u s e  o f  th e  a v e ra g e  
te m p e r a tu r e  a lo n e  w o u ld  in d ic a te  th e  a c c u m u la te d  te m p e r a tu r e  to  be 
s m a l l  o r  z e r o .  T h e  m e th o d  is  n o t p a r t i c u l a r l y  c o m p l ic a te d  b u t i t s  
a p p l ic a t io n  r e q u i r e s  th e  u s e  o f  a n  e m p i r i c a l l y  d e r iv e d  c u r v e  
c o n ta in e d  in  th e  p a p e r  o f  T h o m  (1954) a n d  tUe m a p s  o f  s ta n d a rd  
d e r iv a t io n  o f  m o n th ly  m e a n  te m p e r a tu r e s  f o r  th e  B r i t i s h  I s le s  in  
S h e l la r d  (1 9 5 9 ). T h e re  is  th u s  l i t t l e  p o in t  in  r e p r o d u c in g  the  m a th ­
e m a t ic a l  e x p r e s s io n  a lo n e  h e r e .  W h e re  n e c e s s a r y  d a ta  f o r  m e a n  
t e m p e r a tu r e s  h a s  b e e n  a d ju s te d  u s in g  th e  e n v i r o n m e n ta l  la p s e  r a te  
o f  1 ° F  f o r  e v e r y  270  fe e t  s u g g e s te d  b y  M a n le y  (1952 ). T h e  a c c u m u la te d  
d a y  d e g re e  t o t a ls  h a v e  b e e n  l e f t  e x p re s s e d  in  *^F.
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C H A P T E R  4
T H E  A A C H E N - L IE G E  O R E  F IE L D  O F  B E L G IU M ,
G E R M A N Y  A N D  T H E  N E T H E R L A N D S
4 , 1_______ In t r o d u c t io n
B e tw e e n  A a c h e n  in  W e s t  G e rm a n y  a n d  L ie g e  in  B e lg iu m  l ie s  th e  
f o r m e r l y  v e r y  im p o r t a n t  z in c  m in in g  r e g io n  w h ic h  w i l l  be r e f e r r e d  
to  as  th e  A a c h e n - L ie g e  o r e f ie ld .  T h e  o r e f ie ld  l ie s  on  th e  n o r t h e r n  
f la n k s  o f  th e  A rd e n n e s  a n d  H a u t  F a g n e s  in  th e  d is s e c te d  c o u n t r y s id e  
o f  th e  p r e - A r d e n n e s  r e g io n .  T h e  a r e a  ra n g e s  in  a l t i t u d e  b e tw e e n  
150 a n d  3 5 0 m  a n d  th e  g e o lo g ic a l  b a s e m e n t is  m a in ly  o f  D e v o n ia n  
a n d  C a r b o n i f e r o u s  a g e . T h e  r o c k s  h e re  a re  le s s  in te n s e ly  fo ld e d  
th a n  in  th e  r e g io n  o f  th e  A rd e n n e s  to  th e  s o u th .
T h e  o r e f ie ld  is  d r a in e d  b y  the  r i v e r s  V e s d r e ,  G h e u l a n d  In d e . T h e  
V e s d r e  f lo w s  w e s tw a r d s  in  a d e e p  v a l le y  f r o m  E u p e n  ( F ig .  4 . 1} to  
m e e t  th e  M e u s e  a t  L ie g e  w h i le  th e  G h e u l f lo v /s  n o r th w a r d s  f r o m  
th e  L o n tz e n - W e lk e n r a e d t  a r e a  to  r e a c h  th e  M e u s e  to  th e  n o r th  o f 
M a a s t r i c h t .  T h e  In d e ,  a g a in  w i t h  h e a d w a te rs  n e a r  to  E u p e n , f lo w s  
n o r t h - e a s t w a r d s  to w a r d s  th e  R h in e .
T h e  c l im a te  o f  th e  a r e a  is  g r e a t l y  in f lu e n c e d  b y  th e  r e g u la r  p a s s a g e  
o f  d e p r e s s io n s  b u t  is  s o m e w h a t m o r e  c o n t in e n ta l  th a n  th a t  o f  m o s t  
p a r t s  o f  th e  B r i t i s h  I s le s .  M a x im u m  a n d  m in im u m  m e a n  te m p e r a tu r e s  
a r e  m o r e  e x t r e m e  th a n  th o s e  o f  B r i t a i n ,  M a a s t r ic h t ,  a l i t t l e  to  th e  
n o r t h  o f  th e  r e g io n ,  h a s  a J u ly  m e a n  o f  2 0 °C  a n d  a. J a n u a r y  m e a n  o f 
2 ^ C . T h e  f i r s t  f r o s t  in  th e  a r e a  is  e x p e r ie n c e d  in  la te  O c to b e r ,  
s o m e w h a t e a r l i e r  th a n  a t  B r u s s e ls  to  th e  n o r th .  A lth o u g h  r a i n f a l l  
t o t a ls  a re  n o t  a s  h ig h  a s  th o s e  o f  th e  H a u t F a g n e s  a n d  A rd e n n e s  
th e y  a r e  c o n s id e r a b ly  g r e a t e r  th a n  in  m o s t  r e g io n s  o f  B e lg iu m .
T h e  r a i n f a l l  s ta t io n s  a t  T h im is t e r  (2 6 8 m ) a n d  A a c h e n  (2 0 4 m ) a re  
b o th  w i t h in  th e  o r e f ie ld  a n d  r e c o r d  a n n u a l p r e c ip i t a t io n  to ta ls  o f 
1044mm a n d  8 4 4 m m  r e s p e c t iv e ly .
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T h e  m in e r a l i s a t io n s  o f  th e  o r e f ie ld  a r c  a s s o c ia te d  w i t h  l im e s to n e s  
o r  d o lo m ite s  o f  C a r b o n i f e r o u s  o r  D e v o n ia n  a g e . T h e y  a re  b e l ie v e d  to  
be  th e  r e s u l t  o f  s e g r e g a t io n  f r o m  h y d r o t h e r m a l  s o lu t io n s  o r ig in a t in g  
f r o m  a d e e p  s e a te d  a b y s s a l  in t r u s io n  a n d  r i s in g  a lo n g  w e a k n e s s e s  
in  th e  c o u n t r y  r o c k s  (D e w e z  a n d  L e s p in e u x ,  1947 ). Z in c  w a s  g e n e r a l ly  
th e  p r e d o m in a n t  m in e r a l ,  a c c o m p a n ie d  b y  g a le n a , p y r i t e  a n d  
m a r c a s i t e .  C a lc i t e  w a s  a n  Im p o r t a n t  ga n g u e  m in e r a l .
M in in g  in  th e  a r e a ,  as  in  th e  B r i t i s h  I s le s ,  a p p e a rs  to  h a ve  h a d  a 
lo n g  h i s t o r y .  A t  P r a y o n  in  th e  v a l le y  o f  th e  V e s d re  a m in e  is  
b e l ie v e d  to  h a v e  b e e n  w o r k e d  b y  th e  R o m a n s , m a in ly  f o r  i r o n  o r e ,  
b u t  th e  p e r io d  o f  m a x im u m  m in in g  a c t i v i t y  w a s  d u r in g  th e  N in e te e n th  
C e n tu r y .  B y  th e  la t t e r  p a r t  o f  th a t  p e r io d  th e  in d u s t r y  w a s  b e g in n in g  
to  d e c l in e ,  p r o d u c t io n  f ig u r e s  f o r  a m in e  a t  K in k e r a p o is  n e a r  to  
L ie g e  s h o w  th a t  i t  w a s  u n im p o r ta n t  in  1871.
O th e r  m in e s  in  th e  a re a  w e re  p r o d u c t iv e  f o r  s o m e w h a t lo n g e r .  T h e  
B le ib e r g  m in e s  a t  P lo m b iè r e s  w o r k e d  v e in s  c o n ta in in g  h a e m a t i te ,  
g a le n a ,  b le n d e  a n d  p y r i t e .  T h e  B le ib e r g  v e in  w a s  f i l l e d  w i th  a 
b r e c c ia t e d  m ix t u r e  o f  g r i t s ,  s h a le s  a n d  s a n d s to n e s , c e m e n te d  b y  
o r e  ( A d m i r a l t y ,  1918). T h e  p e r io d  o f  g r e a te s t  a c t i v i t y  a t  P lo m b iè r e s  
w a s  f r o m  1833 to  1870 w h e n  6 0 , 000  to n n e s  o f  le a d  a n d  2 0 , 000 to n n e s  
o f  z in c  w e r e  p r o d u c e d .  T h is  m in e  w a s  u n u s u a l i n  th e  o r e f ie ld  in  
th e  p a r t i c u la r  p r e d o m in a n c e  o f  le a d  in  the  d e p o s it  a n d  as  w i l l  be 
s e e n  l a t e r  t h is  is  r e f le c t e d  in  th e  c o m p o s i t io n  o f  th e  s p o i l  h e a p s  
to d a y .  T h e  w a s te  h e a p s  a t  P lo m b iè r e s  w e re  r e w o r k e d  d u r in g  th e  
S e c o n d  W o r ld  W a r .
T h e  V ie l l e  M o n ta g n e  m in e s  in  th e  L a  C a la m in e  a r e a  w e re  on ce  the  
m o s t  im p o r t a n t  o f  th e  w h o le  m in in g  r e g io n ,  b e in g  p r e d o m in a n t  a t 
t h e i r  z e n i th  in  t o t a l  w o r ld  p r o d u c t io n  o f  z in c .  T h e  o re  b o d ie s  c o n ­
s is te d  o f  m a s s e s  o f  c a la m in e  w i t h  r e d  c la y ,  ly in g  in  a d o lo m i t ic  
p o c k e t  in  th e  C a r b o n i fe r o u s  L im e s to n e  ( A d m i r a l t y ,  1918).
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A s  w a s  s ta te d  e a r l i e r  th e  l a t t e r  d e c a d e s  o f  th e  N in e te e n th  C e n tu r y  w e re  
th e  p e r io d  o f  d e c l in e  o f th e  B e lg ia n  z in c  m in in g  in d u s t r y .  P r o d u c t io n  
f ig u r e s  f o r  B e lg iu m  f o r  1912 in d ic a te  th a t  4 8 8 , 030 to n n e s  o f  f o r e ig n  
o r e  a n d  840 to n n e s  o f  B e lg ia n  o re  w e re  p r o c e s s e d  in  th a t  y e a r ,  th e  
B e lg ia n  o re  w a s  w o n  f r o m  th e  m in e s  a t  W e lk e n r a e d t .  C le a r l y  b y  
1912 B e lg ia n  m in in g  h a d  v i r t u a l l y  c e a s e d . T h e  m in e s  in  th e  A a c h e n  
a r e a  a p p e a r  to  h a v e  b e e n  w o r k e d  f o r  lo n g e r .  T h e  A d m i r a l t y  r e p o r t  o f 
1918 r e c o r d s  th a t  th e  m in e s  a t  S to lb e r g  w e re  b e in g  a c t iv e ly  e x p lo i te d  
a t  th a t  t im e .
4 . 2______ T h e  h e a v y  m e ta l  t o le r a n t  c o m m u n it ie s
In  C h a p te r  1 th e  ta x o n o m ic  c o n fu s io n  s u r r o u n d in g  th e  h e a v y  m e ta l  
s p e c ie s  o f  th e  A a c h e n - L ie g e  a r e a  w a s  o u t l in e d .  I t  w a s  p o in te d  o u t 
t h a t ,  a c c o r d in g  to  F lo r a  E u ro p a e a  (1964, 1968 ), c e r t a in  o f  th e  " s p e c ie s "  
a n d  " v a r i e t i e s "  o f  th e  h e a v y  m e ta l  t o le r a n t  p la n ts  o f  th e  r e g io n  w e re  
n o  m o r e  th a n  lo c a l  v a r ia n t s  a n d  e c o ty p e s .  F o r  th is  re a s o n ,  a lth o u g h  
th e  n o m e n c la tu r e  w h ic h  is  u s e d  h e re  c lo s e ly  f o l lo w s  th a t  o f  L a m b in o n  
a n d  A u q u ie r  (1964) a n d  o th e r  r e c e n t  a c c o u n ts  o f  th e  f l o r a  o f  th e s e  
m e t a l l i f e r o u s  a r e a s ,  v a r ie t i e s  a n d  s u b s p e c ie s  h a v e  b e e n  o m it te d .
T h e  A a c h e n - L ie g e  r e g io n  is  one  o f  c o n s id e r a b le  d i v e r s i t y  o f  m e t a l ­
l i f e r o u s  h a b i t a t s .  T o  th e  e a s t  o f  A a c h e n , a ro u n d  L a  C a la m in e  a n d  
n e a r  T h e u x  in  th e  v a l le y  o f th e  H o e g n e  ( F ig .  4 .1 )  th e  h e a v y  m e ta l  
p la n t  c o m m u n i t ie s  o c c u r  o n  s p o i l  d e r iv e d  f r o m  m in in g  o p e ra t io n s  
w h i le  in  th e  v a l le y  o f  th e  G h e u l,  f lo w in g  n o r th w a r d s  to  th e  N e th e r la n d s ,  
th e  c o m m u n i t ie s  a re  a s s o c ia te d  w i t h  t o x ic  m a t e r i a l  w a s h e d  d o w n ­
s t r e a m  f r o m  th e  L a  C a la m in e  a n d  P lo m b iè r e s  d i s t r i c t .  A t  P r a y o n  
m e t a l  t o le r a n t  s p e c ie s  o c c u p y  a re a s  p o l lu te d  in  the  c o u rs e  o f  
s m e l t in g  o p e r a t io n s  a n d  a t  A n g le u r  s m e l t e r  w a s te  p r o v id e s  s i te s  
o f  c o n s id e r a b le  t o x i c i t y .
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T h e  A a c h e n - L ie g e  a r e a  w a s  v i s i t e d  f o r  a s h o r t  p e r io d  in  J u ly  1972 
a n d  f o r  a lo n g e r  p e r io d  in  A u g u s t  1973. A n  a t te m p t  w a s  m a d e  to  
v i s i t  a s  m a n y  s i te s  as  p o s s ib le  o f  th o s e  m e n t io n e d  b y  H e im a n s  ( i 9 6 0 ), 
L a m b in o n  a n d  A u q u ie r  (1964) a n d  L e fe b v r e  (1967 ). T h e  g e n e r a l  a im  
o f  th e  s tu d y  in  th e  o r e f ie ld  w a s  to  o b ta in  a c o m p a r is o n  w i th  the  
B r i t i s h  s i t u a t io n .
F ig .  4 .1  w h ic h  s h o w s  th e  d i s t r i b u t io n  o f  th e  in d ic a t o r  s p e c ie s  in  the  
a r e a  h a s  b e e n  p r e p a r e d  f r o m  p e r s o n a l  o b s e r v a t io n  a n d  a v a r ie t y  o f  
p u b l is h e d  s o u r c e s .  T h e  m a p  o u t l in e s  th e  d i s t r ib u t io n  o f  f o u r  s p e c ie s  
M in u a r t ia  v e r n a , T h la s p i  a lp e  s t r e , A r m e r ia  m a r i t im a  a n d  V io la  
c a la m in a r ia . O th e r  m e ta l  t o le r a n t  s p e c ie s  s u c h  a s  S ile n e  c u c u b a lu s  
a n d  C a m p a n u la  r o t u n d i f o l ia  a re  g e n e r a l ly  p r e s e n t  a n d  h a v e  n o t b e e n  
in c lu d e d .
A s  in  B r i t a i n  th e  m e ta l  t o le r a n t  s p e c ie s  do  n o t  o c c u r  e v e r y w h e r e  in  
a f u l l y  e x p r e s s e d  a s s o c ia t io n .  O n ly  a t  L a  C a la m in e  do  the  f o u r  
in d ic a t o r  s p e c ie s ,  M . v e r n a , T .  a lp e s t r e , A .  m a r i t im a  and  
V . c a la m in a r ia  c o m b in e  w i t h  o th e r  m e t a l  t o le r a n t  fo r b s  a n d  g ra s s e s  
to  p ro d u c e  th e  " c l a s s i c a l "  n o r t h  w e s t  E u ro p e a n  h e a v y  m e ta l  
a s s e m b la g e .  A t  A n g le u r  a n d  P lo m b iè r e s  M . v e r n a  is  a b s e n t a n d  a t  
B r e in ig e b e r g  n e a r  A a c h e n  T . a lp e s t r e  d o e s  n o t  a p p e a r  to  o c c u r .
4 . 3______ T h e  m in o r  s i te s
In  th e  c o u rs e  o f  r e c o n n a is s a n c e  a n u m b e r  o f  s i te s  w e re  v is i t e d .  A t  
th e s e  l o c a l i t i e s  s o i l  s a m p le s  w e re  ta k e n  a n d  f l o r i s t i c  l i s t s ,  c o n ­
c e n t r a t in g  on  th e  in d ic a t o r  s p e c ie s ,  m a d e .  F ig .  4 .2  sh o w s  th e  
h e a v y  m e ta l  le v e ls  a t  th e s e  v a r io u s  s i te s ,  the  c o n c e n t r a t io n s  o f  le a d  
a n d  z in c  o n  th e  t r a n s e c ts  a t  L a  C a la m in e  a r e  a ls o  in c lu d e d  in  th e  
f ig u r e  f o r  c o m p a r a t iv e  p u r p o s e s .  O th e r  a n a ly s e s  w e re  a ls o  
c a r r i e d  o u t a n d  th e s e  a r e  in c lu d e d  in  th e  te x t .
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A n g le u r
F ig .  4 .2  s h o w s  th e  c o n c e n t r a t io n s  o f  c o p p e r ,  le a d  and  z in c  in  s p o i l  
f r o m  A n g le u r .  T a b le  4 . 1 p r e s e n ts  f u r t h e r  a n a ly s e s  o f  th e  s p o i l  f r o m  
A n g le u r .
T a b le  4. 1 C a lc iu m  c o n c e n t r a t io n s  in  a n d  th e  p H  o f  c e r t a in  s a m p le s  
f r o m  A n g le u r .
S a m p le  n u m b e r C a lc iu m  (p p m )
S 1 n d * 6 . 8
S 3 5, 750 6 .7
T r  l / 2 m 1 3 ,3 0 0 7 .0
M u c h  o f  th e  m e t a l l i f e r o u s  s p o i l  a t  A n g le u r  a p p e a rs  to  c o n ta in  a n  
a d m ix tu r e  o f  s m e lte d  m a t e r ia l .  A s  is  e v id e n t  f r o m  in s p e c t io n  o f  
F ig . 4 2 a n d  T a b le  4 .1 , w i t h  th e  e x c e p t io n  o f  S a m p le  1, h e a v y  m e ta l  a n d  
c a lc iu m  c o n c e n t r a t io n s  a n d  p H  o f  th e  s p o i l  f r o m  A n g le u r  a p p e a r  
r e a s o n a b ly  u n i f o r m .  S a m p le  1 w a s  f r o m  a n  a t y p ic a l  s i t e ,  th e  a r e a  
a p p e a re d  to  h a v e  b e e n  le v e l le d  b y  b u l ld o z in g ,  p r e s u m a b ly  in  th e  c o u rs e  
o f  r e c la m a t io n .
V io la  c a la m a r ia , S ile n e  c u c u b a lu s , A g r o s t is  te n u is  a n d  R u m e x  a c e to s a  
w e r e  p r e s e n t  a t  a l l  th e  s a m p le d  s i te s  b u t T h a ls p i  a lp e s t r e  a n d  
A r m e r i a  m a r i t im a  w e re  a b s e n t  f r o m  th e  d is tu r b e d  s ite  a t  w h ic h  
S a m p le  1 w a s  ta k e n .  M in u a r t ia  v e r n a  w a s  n o t  s e e n  a t  A n g le u r  a n d  
d o e s  n o t  a p p e a r  to  h a v e  b e e n  r e c o r d e d  f r o m  th e  lo c a l i t y .
P r a y o n
M in in g  is  k n o w n  to  h a v e  ta k e n  p la c e  a t  P r a y o n  b u t  th e  m a in  c a u s e  o f  
c o n ta m in a t io n  o f  th e  e n v i r o n m e n t  b y  h e a v y  m e ta ls  a p p e a rs  to  be 
e m is s io n  f r o m  a z in c  s m e l t in g  p la n t .  R a m a u t (1964) h a s  d o c u m e n te d  
th e  e f fe c ts  o f  t h is  p o l lu t io n  a n d  m e n t io n s  T h a ls p i  a lp e s t r e  g ro w in g
*  n d  -  n o t  d e te r m in e d ,  a b b r e v ia t io n  u s e d  th r o u g h o u t
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h e r e  o n  s o i l  c o n ta in in g  0 .2 8  -  0. 5% z in c .  I n  t h is  s tu d y  T .  a lp e s t r e  
w a s  fo u n d  g r o w in g  in  s o i l  o f  p H  6 . 6 a n d  z in c  c o n c e n t r a t io n s  o f  4, 000 
to  8 , 000  p p m  ( P r a y o n  S I a n d  S 2 , F ig .  4 .2 ) .  T h e  c a lc iu m  le v e l  in  
P r a y o n  S2 w a s  5, 500 p p m .
T h e u x
F ig .  4 . 2 s h o w s  h e a v y  m e ta l  c o n c e n t r a t io n s  in  th e  f o u r  s a m p le s  ta k e n  
f r o m  L e  R o c h e u x  n e a r  T h e u x  a n d  T a b le  4 .2  c o n ta in s  th e  r e s u l t s  o f  
a d d i t io n a l  a n a ly s e s  o f  th e  s p o i l .
T a b le  4 . 2 C a lc iu m ,  s o d iu m ,  p o ta s s iu m ,  m a g n e s iu m ,  p h o s p h o ru s  
a n d  p H  d e te r m in a t io n s  o f  s p o i l  f r o m  T h e u x
S a m p le
n u m b e r
C a lc iu m
(P P I^ )
S o d iu m
(p p m )
P o ta s s iu m
(p p m )
. M a g n e s iu m  
(p p m )
P h o s p h o ru s
(p p m )
p H
S I 7 , 950 350 810 n d n d 7 .2
S2 10, 950 275 810 n d n d 7 .1
S3 7 , 500 275 765 2 , 700 480 7 .0
S4 n d n d n d n d n d 6 . 7
I t  is  c le a r  f r o m  th e  a n a ly s e s  in  T a b le  4 .2  a n d  F ig .  4 .2  th a t  th e  s p o i l  
f r o m  T h e u x  is  v e r y  u n i f o r m  in  i t s  c h e m ic a l  c o m p o s i t io n .  N e v e r th e le s s  
t h e r e  w a s  s o m e  v a r i a b i l i t y  in  th e  in c id e n c e  o f  th e  m e ta l  t o le r a n t  
s p e c ie s  f r o m  s i te  to  s i t e .
M in u a r t ia  v e r n a  w a s  p r e s e n t  o n ly  a t  th e  s ite  f r o m  w h ic h  S a m p le  3 w a s  
ta k e n  a n d  w a s  th e r e  r e p r e s e n te d  b y  o n ly  a fe w  in d iv id u a ls .  T h e  s ite  
w a s  one o f  m o r e  o r  le s s  b a re  s p o i l  a n d  a p p e a re d  to  h a v e  b e e n  a f fe c te d  
b y  r e c e n t  e r o s io n .  I s o la te d  c lu m p s  o f  th e  g ra s s e s  F e s tu c a  o v in a  a n d  
A g r o s t is  te n u is  s to o d  a b o v e  th e  g e n e r a l  le v e l  o f th e  s p o i l ,  h o ld in g  w h a t
a p p e a re d  to  be  th e  r e m n a n ts  o f  a f o r m e r l y  m o r e  e x te n s iv e  o r g a n ic  
s u r fa c e  h o r iz o n  a t  t h e i r  b a s e s .
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V io la  c a la m in a r ia  o c c u r r e d  o n ly  a t  th e  s i te  o f  S a m p le  4 a n d  g r e w  in  an  
o r g a n ic  la y e r  o v e r ly in g  s p o i l .  T h is  m ix t u r e  o f  o r g a n ic  m a t e r i a l  and  
s p o i l  w a s  b e tw e e n  7 a n d  10 c m  th ic k .  T h e  s l i g h t l y  lo w e r  p H  (T a b le  
4 .2 )  o f  th e  s a m p le  f r o m  th is  s i te  is  p r o b a b ly  r e la t e d  to  th e  o r g a n ic  
m a t t e r  a c c u m u la t io n  a t  th e  s u r fa c e .  A  te n d e n c y  f o r  V .  c a la m in a r ia  
to  be a s s o c ia te d  w i t h  s i te s  w i t h  o r g a n ic  m a t t e r  a c c u m u la t io n  in  th e  
s u r fa c e  h o r iz o n  h a s  a ls o  b e e n  n o t ic e d  e ls e w h e re  in  th e  A a c h e n - L ie g e  
o r e f i e l d  a n d  t h is  w i l l  be  d is c u s s e d  m o r e  f u l l y  l a t e r .
S ile n e  c u c u b a lu s , T h y m u s  p u le g io id e s  L .  , E u p h r a s ia  o f f i c in a l i s  L .  , 
C a m p a n u la  r o t u n d i f o l i a , L o tu s  c o r n ic u la tu s  L .  , a n d  L in u m  
c a t h a r t ic u m  w e r e  a ls o  s e e n  o n  th e  s p o i l  h e a p s  a t  T h e u x . A r m e r ia  
m a r i t im a  w a s  n o t  fo u n d .
L o n tz e n
L a m b in o n  a n d  A u q u ie r  (1964) l i s t  s i te s  a t  M o n tz e n ,  L o n tz e n  a n d  
W e lk e n r a e d t  ( F ig .  4 .1 ) .  O f  th e s e  o n ly  th e  m e t a l l i f e r o u s  p la n t  
c o m m u n i t y  a t  L o n tz e n  w a s  lo c a te d .  A s  F ig .  4 . 2 s h o w s  h e a v y  m e ta l  
le v e ls  a t  th e  s i te  w e r e ,  in  t e r m s  o f  s o m e  e ls e w h e r e  in  th e  o r e f ie ld ,  
n o t  p a r t i c u l a r l y  h ig h .  O f th e  s p e c ie s  c o n s id e r e d  t y p ic a l  o f  th e  
m e t a l l i f e r o u s  f l o r a  o f  th e  r e g io n  o n ly  S ile n e  c u c u b a lu s  a n d  C a m p a n u la  
r o t u n d i f o l ia  w e re  p r e s e n t .  T h e  p H  o f  th e  s p o i l  w a s  7 .
R iv e r  G h e u l
H e im a n s  ( I9 6 0 )  h a s  d e s c r ib e d  th e  h e a v y  m e ta l  v e g e ta t io n  o f  th e  f lo o d -  
p la in  o f  th e  R iv e r  G h e u l.  H e  m e n t io n e d  th a t  th e  a p p l ic a t io n  o f  l im e  
to  th e  f lo o d p la in  s o i ls  w a s  le a d in g  to  th e  d is a p p e a ra n c e  o f  th e  in d ic a t o r  
p la n t  c o m m u n i t ie s .  I t  p r o v e d  im p o s s ib le  to  f in d  p la n t  c o m m u n it ie s  
a s  d e s c r ib e d  b y  H e im a n s  ( i9 6 0 ) .  T h is  m a y  h a v e  b e e n  b e c a u s e  o n ly  
a l i m i t e d  a re a  o f  th e  f lo o d p la in  w a s  s e a rc h e d  b u t i t  m a y  be th a t  in  
th e  d e c a d e  s in c e  H e im a n s  ( I9 6 0 ) d e s c r ib e d  th e  c o m m u n it ie s  th e y  
h a v e  b e e n  v e r y  g r e a t l y  re d u c e d  in  e x te n t  b y  th e  l im in g  o f  th e  f lo o d -  
p la in  s o i ls .
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O f th e  s p e c ie s  o f  th e  m e t a l l i f e r o u s  f l o r a  o n ly  S i le n e c u c u b a lu s  w a s  
fo u n d .  T h is  p la n t  g r e w  in  tw o  p la c e s  ( R iv e r  G h e u l S I a n d  S2, F ig .  4 .2 )  
w h e re  u n d e r c u t t in g  o f  th e  r i v e r  b a n k  h a d  o c c u r r e d .  Z in c  le v e ls  in  
th e  s o i l  a t  th e s e  s i te s  w e re  b e tw e e n  4, 000 a n d  10, 000 p p m  a n d  th e  
v a lu e s  f o r  le a d  w e re  s im i l a r .  T h e  p H  o f  th e  a l lu v iu m  w a s  7 .2  a t  
b o th  s i t e s .
S to lb e r g
T h e  la r g e  s p o i l  h e a p s  a t  S to lb e r g  a re  c o m p o s e d  o f  s la g  m a t e r ia l  
d e r iv e d  f r o m  s m e l t in g  a n d  a r e  p o o r ly  v e g e ta te d .  T h e  s lo p e s  o f  th e  
s p o i l  h e a p s  a r e ,  to  a c e r t a in  e x te n t ,  u n s ta b le ,  th e  a n g le  o f  s lo p e  o f  
m u c h  o f  th e  s p o i l  is  b e tw e e n  3 0 °  a n d  3 6 ° .  I n f o r m a t io n  o n  the  h e a v y  
m e t a l  c o n te n t  o f  th e  s p o i l  is  p r e s e n te d  in  F ig .  4 ,2  a n d  T a b le  4 . 3 
s h o w s  th e  r e s u l t s  o f  o th e r  a n a ly s e s .
T a b le  4 . 3 C a lc iu m ,  s o d iu m ,  p o ta s s iu m ,  m a g n e s iu m  a n d  p H  
d e te r m in a t io n s  o f  s p o i l  f r o m  S to lb e r g
S a m p le C a lc iu m S o d iu m P o ta s s iu m M a g n e s iu m p H
n u m b e  r (p p m ) (p p m ) (p p m ) (p p r^ ) —
S I n d n d n d n d 6 . 5
S2 n d n d n d n d 5 .8
S3 8 , 950 175 1, 1 0 0 2 , 2 1 0 6 . 7
T h la s p i  a lp e s t r e , A r m e r i a  m a r i t im a  and V io la  c a la m in a r ia  w e re  
p r e s e n t  i n  p la c e s  on  th e  s p o i l  a t  S to lb e r g  b u t  M in u a r t ia  v e r n a  do e s  
n o t  a p p e a r  to  o c c u r  a t  t h is  s i t e .
B r e in ig e b e r g
A t  B r e in ig e b e r g  th e r e  a p p e a rs  to  h a v e  b e e n  m u c h  le s s  d is tu r b a n c e
due  to  m in in g  a c t i v i t y  th a n  a t  m a n y  o th e r  s i te s  o f  m in e r a l i s a t io n  in  
th e  A a c h e n - L ie g e  o r e f ie ld .
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T w o  d is c r e t e  a r e a s  w e re  s a m p le d  a n d  th e  r e s u l t s  o f  th e  a n a ly s e s  a re  
s h o w n  in  F ig .  4 . 2 a n d  T a b le  4 . 4 ,
T a b le  4 . 4 C a lc iu m ,  s o d iu m ,  p o ta s s iu m ,  m a g n e s iu m  a n d  p H  
d e te r m in a t io n s  o f  s o i l  f r o m  m e t a l l i f e r o u s  a re a s  a t  
B r e in ig e b e r g
S a m p le  C a lc iu m  S o d iu m  P o ta s s iu m  M a g n e s iu m  p H
n u m b e r  (p p m )  (p p m ) (p p m ) (p p m )_______  ___
S I 6 , 950  105 810 2 ,1 7 0  6 .5
T r  l / 2 m  2 9 5 ,0 0 0  765  1, 300 1, 990 8 .0
T r  1 / 6 m  2 4 0 ,0 0 0  n d  n d  n d  7 .8
T h e  s a m p le s  T r  l / 2 m  a n d  T r  1 / 6 m  a r e  r e p r e s e n ta t iv e  o f  th e  c h e m ic a l  
c h a r a c t e r i s t i c s  o f  th e  s o i l  a lo n g  a s h o r t  t r a n s e c t  w h ic h  r a n  th r o u g h  a 
M in u a r t i a  v e r n a  c o m m u n i t y  on  th e  s id e  o f  a n  e x c a v a te d  v e in  a t  
B r e in ig e b e r g .  T h e  s lo p e  a lo n g  m u c h  o f  th e  t r a n s e c t  l in e  w a s  in  
e x c e s s  o f  3 0 ° \  M . v e r n a  o c c u r r e d  in  th e  f i r s t  2 m  o f  th e  t r a n s e c t  
l in e  a t  c o v e r  v a lu e s  o f  2 % a n d  w a s  a s s o c ia te d  w i t h  o th e r  c a lc ic o le  
s p e c ie s  s u c h  a s  H ie r a c iu m  p i lo s e l la  L .  , T h y m u s  p u le g io id e s  L .  a n d  
L in u m  c a t h a r t i c u m . M .  v e r n a  w a s  a b s e n t f r o m  th e  a re a  o f  6 m . A s  
F ig .  4 , 2 s h o w s  z in c  le v e ls  a r e  lo w e r  in  th e  6 m  r e g io n  th a n  in  th e  
v i c i n i t y  o f  2 m  w h e r e  M . v e r n a  o c c u r r e d .  A lth o u g h  c a lc iu m  le v e ls  
a t  6 m  a r e  lo w e r  a ls o  (T a b le . 4 . 4) i t  a p p e a rs  p ro b a b le  th a t  th e  a b s e n c e  
o f  M .  v e r n a  f r o m  th e  6 m  r e g io n  is  due to  lo w e r  t o x i c i t y .  T h e
o c c u r r e n c e  o f  M . v e r n a  a t  B r e in ig e b e r g  is  d is c u s s e d  m o r e  f u l l y  
l a t e r .
B o th  s a m p le s  o n  t h is  t r a n s e c t  l in e  a r e  u n u s u a l in  r e s p e c t  o f  t h e i r  
v e r y  h ig h  c a lc iu m  c o n c e n t r a t io n s .  T h e s e  h a v e  b e e n  v e r i f i e d  b y  
r e p l i c a t e  a n a ly s is  a n d  a r e  in  a c c o rd a n c e  w i t h  th e  h ig h  p H  v a lu e s  
o f  th e  s a m p le s . .
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T h e  s i t u a t io n  a t  th e  s i te  f r o m  w h ic h  B r e in ig e b e r g  S a m p le  1 ( F ig .  4 .2  
a n d  T a b le  4 . 4) w a s  o b ta in e d  w a s  v e r y  d i f f e r e n t .  T h is  v /as  an  a re a  
o f  s h o r t  g r a s s ,  m a in ly  F e s t u c a O y i n a , a n d  a p p e a re d  to  be u n d is tu r b e d  
a l th o u g h  n e a r b y  w a s  s o m e  h u m m o c k y  g ro u n d ,  p e rh a p s  in d ic a t iv e  o f  
f o r m e r  m in e r a l  w o r k in g s .  A r m e r ia  m a r i t im a  a n d  V io la  c a la m in a r ia  
o c c u r r e d  a t  th is  s i te  in  s o i ls  w i t h  a n  in s ig n i f i c a n t  z in c  le v e l  b u t  a 
le a d  c o n c e n t r a t io n  o f  a ro u n d  1 0 , 0 0 0  p p m .
4 . 4______ T h e  m a jo r  s i te s
P lo m b ie r e  s
M in in g  o p e r a t io n s  c e a s e d  in  th e  L a  C a la m in e - P lo m b iè r e s  r e g io n  
a r o u n d  th e  t u r n  o f  th e  N in e te e n th  C e n tu r y .  A t  P lo m b iè r e s ,  h o w e v e r ,  
a s  p r e v io u s ly  m e n t io n e d ,  th e r e  w a s  s o m e  r e w o r k in g  o f  th e  s p o i l  
d u r in g  th e  S e c o n d  W o r ld  W a r .  B e c a u s e  o f  t h is  i t  is  e v e n  m o r e  d i f f i c u l t  
th a n  n o r m a l  to  f o r m  a n  im p r e s s io n  o f  s i te  h is t o r y .
F ig .  4 . 3 r e f e r s  to  T r a n s e c t  2 w h ic h  c r o s s e d  a f l a t  a r e a  o f  s p o i l ,  th e  
s p o i l  b e in g  p r e d o m in a n t ly  c o m p o s e d  o f  s m e lte d  s la g  m a t e r ia l .  T h e  
t r a n s e c t  a p p e a rs  to  be  d iv is ib le  in to  tw o  s e c t io n s ,  a n  i n i t i a l  a r e a  to  
2 2 m  w i t h  m u c h  b a r e  g r o u n d  a n d  th e  s u b s e q u e n t p a r t  b e y o n d . T h e s e  
s e c t io n s  w i l l  be  r e f e r r e d  to  a s  Z o n e  1 a n d  Z o n e  2 r e s p e c t iv e ly .
I n  Z o n e  1 le a d  a n d  z in c  s h o w  a f a i r l y  c o n s ta n t  r e la t io n s h ip  w i t h  le a d  
c o n c e n t r a t io n s  b e in g  a b o u t tw ic e  th o s e  o f  z in c .  I n  Z o n e  2 th e re  is  
f a r  g r e a t e r  v a r i a b i l i t y  in  th e  c o n c e n t r a t io n s  o f  th e  tw o  h e a v y  m e ta ls  
a n d  in  t h e i r  r e la t io n s h ip  one to  th e  o th e r .  T a b le  4 . 5 s h o w s  th e  
m e a n s  a n d  s ta n d a r d  d e v ia t io n s  f o r  le a d  a n d  z in c  c o n c e n t r a t io n s  in  
th e  tw o  z o n e s .
GEOBOTANY
25, Campanula rotundifolia
25
Agrostis tenuis
Festuca ovina
I  - K _ r — n _
50 Viola calaminaria
c gQ Armeria maritima
100 Bare Ground
GEOCHEMISTRY
60.000
50,000
40,000
30,000
ppm
20.000 -
10,000 -
Cu
RELIEF
PLOMBIERES: TRANSECT 2.
F ig u r e  4 . 3
9 0
T a b le  4 . 5 T h e  m e a n s  a n d  s ta n d a r d  d e v ia t io n s  o f  le a d  a n d  z in c
c o n c e n t r a t io n s  in  Z o n e s  1 a n d  2 o n  P lo m b iè r e s  T r .  2,
L e a d
(p p m )
0 -  2 2 m . 24. -  4 0 m .
M e a n 2 4 , 183 2 0 ,7 7 2
S. D . 3, 976 14, 599
Z in c
(p p m )
0 -  2 2 m . 2 4  -  4 0 m .
M e a n 1 0 ,0 5 8 2 1 ,4 3 3
S. D . 3, 193 1 4 ,6 8 3
T a b le  4 , 5 d e m o n s t r a te s  th a t  w h i le  th e  m e a n  c o n c e n t r a t io n  o f  le a d  
is  s l i g h t l y  lo w e r  in  Z o n e  1 th a n  in  Z o n e  2 m e a n  c o n c e n t r a t io n s  o f  
z in c  a r e  m o r e  th a n  d o u b le d .  A l th o u g h  th e r e  is  m o r e  v a r i a b i l i t y  
in  le a d  a n d  z in c  c o n c e n t r a t io n s  in  Z o n e  2 i t  is  c le a r  f r o m  F ig .  4 . 3 
th a t  m a n y  s a m p le s  f r o m  Z o n e  2 s h o w  h e a v y  m e t a l  c o n c e n t r a t io n s  
e q u a l  to  o r  e x c e e d in g  th o s e  o f  Z o n e  1. I t  is  e v id e n t  f r o m  F ig .  4 . 3 
th a t  th e  o n ly  s p e c ie s  o f  a n y  im p o r ta n c e  in  Z o n e  1 a r e  F e s tu c a  o v in a  
a n d  A r m e r i a  m a r i t im a  a n d  th a t  b a r e  g r o u n d  in  m a n y  q u a d ra ts  
a p p ro a c h e s  100% . In  Z o n e  2 , h o w e v e r ,  A g r o s t is  te n u is  g r e a t ly  
in c r e a s e s  in  c o v e r  v a lu e s  a s  a ls o  d o e s  F .  o v in a . A .  m a r i t im a  
a n d  V io la  c a la m in a r ia  to o  b e c o m e  m o r e  im p o r t a n t  a n d  C a m p a n u la  
r o t u n d i f o l ia  a p p e a rs  in  th e  c o m m u n it y .  D i f f e r e n c e s  in  m e ta l  
c o n c e n t r a t io n s  c l e a r l y  do  n o t  a c c o u n t  f o r  the  c o n t r a s t  in  th e  
v e g e ta t io n  b e tw e e n  th e  tw o  z o n e s .
N o r  a r e  th e r e  g r e a t  d i f f e r e n c e s  in  th e  c o n c e n t r a t io n s  o f  th e  b a s e s  
c a lc iu m ,  s o d iu m ,  p o ta s s iu m  a n d  m a g n e s iu m  in  th e  tw o  z o n e s  
( T a b le  4. 6 ) . I t  h a s  b e e n  s u g g e s te d  b y  S m ith  a n d  B r a d s h a w  (1970) 
t h a t  p h o s p h o ro u s  d e f ic ie n c y  is  im p o r t a n t  on  s p o i l  h e a p s . O n th e  
b a s is  o f  tw o  s a m p le s ,  one  f r o m  14m  s h o w in g  a p h o s p h o ro u s  
c o n c e n t r a t io n  o f  980 p p m , th e  o th e r  f r o m  3 6 m  w i t h  920 p p m , th e  
p h o s p h o ro u s  c o n c e n t r a t io n s  in  th e  tw o  z o n e s  do  n o t  a p p e a r  to  
d i f f e r  m a r k e d ly .
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T a b le  4 . 6 T h e  m e a n s  o f  th e  c o n c e n t r a t io n s  o f  c a lc iu m ,  s o d iu m ,
p o ta s s iu m  a n d  m a g n e s iu m  in  Z o n e s  1 a n d  2 o n  P lo m b iè r e s  
T r .  2 (b a s e d  on  th e  a n a ly s e s  o f  s a m p le s  a t  4 m  in t e r v a ls )
Z o n e  1 
0  - 2 2 m
Z o n e  2 
2 4 - 4 0 m
C a lc iu m  S o d iu m  P o ta s s iu m  M a g n e s iu m
-(P P ^J , jp p m )  (p p m )  (p p m )
4 ,6 8 3
3 ,7 3 8
103
100
1 ,0 8 5
818
950 
1, 135
T h e  p H  v a lu e s  in  th e  tw o  z o n e s  h o w e v e r  a re  q u ite  d i f f e r e n t  (T a b le
4 . 7 ) . I t  a p p e a rs  p ro b a b le  th a t  th e  lo w e r  p H  o f  Z o n e  1 r e s u l t s  in  g re a te :  
a v a i l a b i l i t y  o f  th e  h e a v y  m e ta ls  a n d  g r e a te r  t o x i c i t y ,  th u s  r e t a r d in g  
th e  p r o c e s s  o f  v e g e ta t io n  d e v e lo p m e n t .
T a b le  4. 7 p H  V a lu e s  in  Z o n e s  1 a n d  2 o n  P lo m b iè r e s  T r .  2 .
Z o n e  1 O m 6 m 1 2 m 18m
p H 5 .2 5. 6 5. 8 5. 5
Z o n e  2 2 4 m 3 0 m 3 6 m 4 0 m
p H 6 . 5 6 . 4 6 . 2 6 . 2
T r a n s e c t  3 in v e s t ig a te d  th e  v e g e ta t io n  o f  a s p o i l  h e a p  s lo p e  a t  
P lo m b iè r e s ,  A s  F ig .  4 . 4  s h o w s  th e  t r a n s e c t  is  s h o r t ,  t h is  r e f le c t s  
th e  n a tu r e  o f  th e  s i te .  I t  is  e v id e n t  f r o m  F ig .  4 . 4  th a t  h e a v y  m e ta l  
c o n c e n t r a t io n s  in  th e  s p o i l  h e re  a r e  lo w e r  th a n  o n  T r ,  2 a n d  th a t  
m o r e  s p e c ie  s a r e  p r e s e n t .  T h la s p i  a lp e  s t r e , a b s e n t  on  T r .  2 , 
o c c u r r e d  h e r e .  T a b le  4 .8  s h o w s  th a t  th e  c a lc iu m  c o n c e n t r a t io n  
in  th e  s p o i l  o n  T r .  3 is  c o n s id e r a b ly  h ig h e r  th a n  o n  T r .  2 (T a b le
4 . 6 ) a n d  i t  a p p e a rs  p r o b a b le  th a t  th e  lo w e r  h e a v y  m e ta l  le v e ls  o f 
th e  s p o i l  c o m b in e d  w i t h  a h ig h e r  c a lc iu m  c o n c e n t r a t io n  r e s u l t  in  le s s  
t o x i c i t y  o n  T r .  3 th a n  o n  T r .  2 a n d  th e  c o n s e q u e n t p re s e n c e  o f  
m o r e  s p e c ie s .
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PLOMBIERES 
TRANSECT 3.
25
GEOBOTANY
Rumex acetosa
i A m_t I  « 
Ranunculus acris
Heiichotrichon pubescens
Agrostis tenuis 
Ls—m—m > ■
Festuca ovina
0  25«S/7e/7e cucubalus 
La m .  m
03
^ 2,  ^ Campanula rotundifolia
^ Viola calaminaria 
C;25l
03 LaJ
^ Thlaspi alpestre
Arm eria m aritim a
( ■ 1__«_«—m,
50 Bare Ground
GEOCHEMISTRY
Pbppm
10,000-
Zn
Cu
'i^nîre 4*4
RELIEF
10
met re s
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T  a b le  4 . 8  C a lc iu m ,  s o d iu m ,  p o ta s s iu m ,  m a g n é s iu m  a n d  p H  
d e te r m in a t io n s  f r o m  4 m  on  P lo m b iè r e s  T r .  3.
C a lc iu m  S o d iu m  P o ta  s s iu m  M a g n e  s iu m  p H
(p p m )  (p p m ) (p p m ) (p p m )
6 7 0 0  105 1055 980 5 .8
T a b le  4. 8 s h o w s , h o w e v e r ,  th a t  th e  p H  o f  th e  s p o i l  o n  T r .  3 is  lo w e r  
th a n  th a t  in  Z o n e  2 o n  T r .  2 (T a b le  4. 7 ), in  f a c t  b e in g  as  lo w  as in  
one  s a m p le  f r o m  Z o n e  1 o n  T r .  2 . I t  is  im p o r t a n t  on  s p o i l  h e a p  
s o i ls  to  d is t in g u is h  b e tw e e n  a lo w  p H  w h ic h  is  th e  r e s u l t  o f  th e  
p r i m a r y  c h a r a c t e r i s t i c s  o f  th e  s p o i l  a n d  a lo w  p H  w h ic h  is  e s s e n t ia l ly  
s e c o n d a ry ,  th e  l a t t e r  a c c o m p a n y in g  th e  a c c u m u la t io n  o f  o r g a n ic  
m a t t e r  in  th e  u p p e r  h o r iz o n s  o f  th e  s p o i l .  I t  is  s u g g e s te d  th a t  the  
lo w  p H  o n  T r .  3 is  s e c o n d a ry ,  th e  o r g a n ic  c a r b o n  a n a ly s is  o f  
1 2 .2 %  a t  4 m  s u g g e s ts  o r g a n ic  m a t t e r  a c c u m u la t io n  in  th e  s u r fa c e  
h o r iz o n s  o f  th e  s p o i l  a t  t h is  s i t e .  U n d e r  c o n d it io n s  o f  o r g a n ic  
m a t t e r  a c c u m u la t io n  i t  a p p e a rs  th a t  a n y  te n d e n c y  f o r  th e  h e a v y  
m e ta ls  to  b e c o m e  m o r e  m o b i le  due to  lo w e r  p H  is  o f f s e t  b y  th e  
f o r m a t io n  o f  s ta b le  c o m p le x e s  o f  h e a v y  m e ta l  a n d  o r g a n ic  m a t t e r .
T h is  d e v e lo p m e n t  o f  a s e c o n d a ry  lo w  p H  is  a ls o  s e e n  a t  L a  C a la m in e  
a n d  o n  m a n y  o th e r  s p o i l  h e a p s  a n d  w i l l  be  d is c u s s e d  f u r t h e r .
L a  C a la m in e
O n  th e  o u t s k i r t s  o f  L a  C a la m in e  la r g e ,  f l a t  to p p e d  s p o i l  h e a p s  
p r o v id e  a h a b i t a t  f o r  a v a r i e t y  o f  m e ta l  t o le r a n t  s p e c ie s .  T h e  
s p e c ie s  A r m e r i a  m a r i t i m a , M in u a r t ia  v e r n a , T h la s p i  a lp e s t r e  a n d  
V io la  c a la m in a r ia  o c c u r  o n  th e s e  h e a p s . T w o  a r e a s  w e re  in v e s t ig a te d  
u s in g  s h o r t  t r a n s e c t s  a n d  s p o t s a m p le s  w e re  ta k e n  in  o th e r  l o c a l i t i e s .  
F ig .  4 . 5 s h o w s  th e  d e ta i ls  o f  v e g e ta t io n  c o v e r  a n d  h e a v y  m e ta l  
c o n c e n t r a t io n s  on  L a  C a la m in e  T r .  1. T h e  f ig u r e  d e m o n s t ra te s  
c o n s id e r a b le  v a r i a b i l i t y  in  h e a v y  m e ta l  le v e ls  o v e r  s h o r t  d is ta n c e s  
a n d  t h is  is  t y p i c a l  o f  s p o i l  h e a p s  in  m a n y  a r e a s .  S a m p le s  in  th e
(;!:OB()IANY
o ff ic in a lis  
h ifo / iu m  repens
. , ^ u m e x  H cetusa
L m aria vulgaris
Linum  c a th a rtic u m
ar>, P im p i'ie lla  s a x ifra g a
Pfantago lanceo lata
^Ranunculus acris
ar,i Thymus puleg io ides
Lotus corniculatus
ar H eiich o trich o n  pubescens
a.-Tj f^olcus lan a tu s
Agrostis tenuis
°  r,oi Festuca ovina
Oi 25 C am panula rotundifo lia
o  cucubalus
:  I ___ J
25^ Viola c a la m in a ria
^  Thlaspi a lp e s tre
^  M in u a rtia  verna
g Bare Ground
GEOCHEMISTRY
Zn
\Pb
Cu
RELIEF
~I5 is
LA CALAMINE: 
TRANSECT 1.
Figure 4, 5
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f i r s t  s ix  m e t r e s  s h o w  le a d  a n d  z in c  i n  v a r ia b le  b u t ,  e s p e c ia l ly  in  th e  
c a s e  o f  z in c ,  h ig h  c o n c e n t r a t io n s .  B e y o n d  7 m  le a d  d e c re a s e s  to  c o n ­
s is t e n t l y  lo w  le v e ls  w h i le  z in c  r e m a in s  a t  c o n c e n t r a t io n s  in  th e  r e g io n  
o f  1 0 0 , 0 0 0  p p m .
A  la r g e  n u m b e r  o f  s p e c ie s ,  f o r  a s p o i l  a r e a ,  is  p r e s e n t  in  th e  s h o r t  
d is ta n c e  o f  th e  t r a n s e c t  l i n e .  I t  is  in t e r e s t in g  to  n o t ic e  th a t  e v e n  
i n  c o n d i t io n s  o f  h ig h  h e a v y  m e t a l  c o n c e n t r a t io n  m a n y  s p e c ie s  m a y  
b e  fo u n d  a s s o c ia te d  w i t h  th e  i n d i c a t o r  p la n ts .  A r m e r ia  m a r i t im a  
w a s  a b s e n t  f r o m  th e  a r e a  o f  th e  t r a n s e c t  a n d  T h la s p i  a lp e s t r e  
o c c u r r e d  o n ly  o c c a s io n a l ly .  M in u a r t ia  v e r n a , h o w e v e r ,  w a s  p r e s e n t  
o v e r  m u c h  o f  th e  t r a n s e c t  a n d  a n  in t e r e s t in g  fa c e t  o f  i t s  d is t r ib u t io n  
w a s  i t s  o c c u r r e n c e  a t  c o v e r  v a lu e s  o f  1 5 -20%  in  th e  7 -1 0 m  r e g io n .  
I n s p e c t io n  o f  F ig .  4 . 5 s u g g e s ts  th a t  t h is  is  n o t a s t r a ig h t f o r w a r d  
e f f e c t  o f  h e a v y  m e ta l  c o n c e n t r a t io n ,  a lth o u g h  z in c  le v e ls  a re  c o n ­
s is t e n t l y  h ig h  b e y o n d  7 m  i t  m a y  be  a r g u e d  th a t  t h is  is  p r o b a b ly ,  to  
a  c e r t a in  e x te n t ,  o f f s e t  b y  th e  d r o p  in  le a d  c o n c e n t r a t io n  b e y o n d  th is  
p o in t .
O th e r  a n a ly s e s  s h o w n  in  T a b le  4 , 9 do  n o t  s u g g e s t  a n y  r e a s o n  f o r  
th e  p e c u l ia r  d i s t r i b u t io n  o f  M .  v e r n a  in  th e  a r e a  o f  th e  t r a n s e c t  l in e .  
A s  th e  ta b le  s h o w s  th e  p H  d o e s  n o t  ch a n g e  v e r y  m u c h  a lo n g  th e  l in e ,  
p o ta s s iu m  is  a l i t t l e  lo w e r  a t  8 m  a n d  1 0m  b u t ,  e s p e c ia l ly  a t  8 m , n o t 
m a r k e d ly  s o . C a lc iu m  a t  8 m  is  m u c h  lo w e r  th a n  a t  Om a n d  2 m  . 
b u t  is  g r e a t e r  th a n  a t 4 m  w h e re  M .  v e r n a  is  o n ly  p r e s e n t  a t  a lo w  
c o v e r  v a lu e .  T h e  C a /H M  r a t io  ( d is c u s s e d  in  C h a p te r  3) is  b e lie  v e d , 
in  m o s t  c a s e s ,  to  p r o v id e  a b e t t e r  g u id e  to  th e  t o x i c i t y  o f  c a lc a r e o u s  
s p o i l  th a n  h e a v y  m e t a l  c o n c e n t r a t io n s  a lo n e  b u t a s  T a b le  4 . 9 s h o w s  
th e  C a /H M  r a t i o  is  g r e a t e r  a t  6 , 8  a n d  10m , im p ly in g  le s s  t o x ic i t y ,  
th a n  a t  4  a n d  12m  w h e re  M . v e r n a  is  n o t  p r e s e n t  a t  h ig h  c o v e r  
v a lu e  s .
9 6
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A s  F ig .  4 . 5 s h o w s  b e tw e e n  6 m  a n d  7 m  th e r e  w a s  a s lo p e  o n  th e  t r a n s ­
e c t  l in e .  T h is  w a s  o f  th e  o r d e r  o f  2 5 °  a n d  s o m e  m o v e m e n t  o f  s p o i l  
w a s  ta k in g  p la c e .  T h e  6 - 7 m  r e g io n  h o w e v e r  is  n o t  th a t  o c c u p ie d  b y  
M .  v e r n a  a t h ig h  c o v e r  v a lu e s  a n d  i t  s e e m s  u n l i k e ly  th a t  s p o i l  w o u ld  
be m o v in g  f r o m  th e  6 - 7 m  a r e a  to  th e  r e g io n  b e y o n d  in  s u f f i c ie n t  
a m o u n ts  to  d e p re s s  c o m p e t i t io n  to  th e  a d v a n ta g e  o f  M . v e r n a .
T h e  t e x t u r a l  a n a ly s e s  o f  s p o i l  f r o m  2 m  a n d  7 m  h o w e v e r  a re  v e r y  
d i f f e r e n t  (T a b le  4 . 10). T h is  t e x t u r a l  d is t in c t io n  b e tw e e n  th e  tw o  
s a m p le s  is  in  a c c o rd a n c e  w i t h  th e  d i f f e r e n c e  in  th e  p r o p o r t io n s  o f  
le a d  a n d  z in c  in  th e  tw o  p la c e s  ( F ig .  4 . 5) a n d  i t  is  p r o b a b le  th a t  th e  
s p o i l  is  h e te ro g e n o u s  in  o r ig in .
T a b le  4 .1 0 . P a r t i c le  s iz e  a n a ly s e s  o f  s p o i l  f r o m  L a  C a la m in e  T r . l .
S a m p le  -^ C o a rs e  M e d iu m  F in e  S i l t  C la y  O r g a n ic
p o in t  s a n d  s a n d  s a n d      c a rb o n
2 m  2 2 .9 %  15.1%  1 8 .8 %  31 .8 %  10.1%  5 .2 %
7 m  3 9 .1 %  1 3 .9 %  1 5 .9 %  2 4 .5 %  7 .5 %  3 .1%
L a m b in o n  a n d  A u q u ie r  (1964) s u g g e s te d , w i th o u t  p r e s e n t in g  m u c h  
e v id e n c e ,  th a t  M . v e r n a  o n  th e  A a c h e n - L ie g e  s p o i l  h e a p s  te n d e d  to  
o c c u r  o n  th e  d r i e r  s i t e s .  P a r t i c le  s iz e  a n a ly s is  c a n  o n ly  be  a n  
i n d i r e c t  g u id e  to  s o i l  m o is t u r e  s ta tu s  b u t  i n  a s i t u a t io n  s u c h  as  the  
one  o n  t h is  t r a n s e c t  l in e  w h e r e  o th e r  e n v i r o n m e n ta l  f a c t o r s  a re  
u n l i k e l y  to  a f f e c t  s o i l  m o is t u r e  s ta tu s  i t  s e a m s  re a s o n a b le  to  
i n f e r  th a t  th e  7 m  s i te  w i l l  be  th e  d r i e r  o n e .
T h e r e  a r e  tw o  p o s s ib le  e x p la n a t io n s  f o r  th e  o c c u r r e n c e  a n d  a b u n d a n c e  
o f  M .  v e r n a  o n  d r i e r  s i t e s ,  one  p h y s io lo g ic a l  a n d  th e  o th e r  r e la te d  
to  c o m p e t i t io n .  A s  is  s h o w n  in  C h a p te r  9 M . v e r n a  is  k n o w n  f r o m  
c e r t a in  s i te s  w h ic h  a r e  e x t r e m e ly ,  a n d  m o r e  o r  le s s  p e r e n n ia l ly ,
*  D ia m e te r  r a n g e s  f o r  th e s e  s e p a ra te s  s h o w n  in  C h a p te r  3 .
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w e t  a n d  th e  p la n t  t h e r e fo r e  d o e s  n o t a p p e a r  to  h a v e  a p h y s io lo g ic a l  
r e q u i r e m e n t  f o r  a d r y  s u b s t r a te .  I t  a p p e a rs  th a t  o n  L a  C a la m in e  
T r .  1 M . v e r n a  is  p r e s e n t  a t  th e  h ig h e s t  c o v e r  v a lu e s  in  a n  a re a  w h ic h  
h a s  a t e x t u r a l  p r e d is p o s i t io n  to  e d a p h ic  d r y n e s s  a n d  i t  s e e m s  p ro b a b le  
t h a t  t h is  d r y n e s s  r e s u l t s  in  th e  s u p p r e s s io n  o f  c o m p e t i t io n  f r o m  
p o t e n t ia l  c o m p e t i t o r s  th u s  a l lo w in g  th e  s p e c ie s  to  o c c u r  a b u n d a n t ly .
In  v ie w  o f  t h is  s u g g e s t io n  i t  m a y  be c o n s id e r e d  s u r p r is in g  th a t  
M .  v e r n a  s h o w s  a m a r k e d  d e c re a s e  in  c o v e r  v a lu e s  b e y o n d  10 m  
w h e r e  t o x i c i t y  le v e ls  r e m a in  h ig h  a n d  th e  s p o i l  a p p e a rs ,  in  t e r m s  o f  
th e  r e la t i v e  p r o p o r t io n s  o f  le a d  and  z in c ,  u n c h a n g e d . I t  is  b e l ie v e d  
th a t  t h is  r e f le c t s  th e  p r o x im i t y  to  th e  e n d  o f  th e  t r a n s e c t  l in e  o f  
a  s m a l l  r i v e r ,  th e  R iv e r  G h e u l m e n t io n e d  p r e v io u s ly  in  th is  c h a p te r .  
J u s t  b e y o n d  th e  e n d  o f  th e  t r a n s e c t  l in e  th e  v e g e ta t io n  c h a n g e d  
m a r k e d ly  a n d  M o l in ia  c a e r u le a  a n d  a C a r e x  sp . w e re  p r e s e n t  a m o n g s t  
o th e r s .  L a m b in o n  a n d  A u q u ie r  (1964) h a v e  n o te d  s p e c ie s  o f  w e t t e r  
h a b i ta ts  in  th e  d a m p e r  p la c e s  o n  the  s p o i l  h e a p s  o f th e  A a c h e n -  
L ie g e  a r e a .  I t  s e e m s  r e a s o n a b le  to  s u p p o s e  th a t  th e  a r e a  b e y o n d  
1 0 m  o n  th is  t r a n s e c t  l in e  h a s  a h ig h e r  m o is t u r e  s ta tu s  th a n  th e  
r e m a in d e r  a n d  th a t  t h is  a c c o u n ts  f o r  th e  d e c re a s e  o f  M . v e r n a .
O n  L a  C a la m in e  T r .  4 ( F ig .  4 . 6 ) A r m e r ia  m a r i t im a  w a s  p r e s e n t  a t  
m o d e r a te  c o v e r  v a lu e s  in  c e r t a in  q u a d r a ts  w h i le  M .  v e r n a  w a s  
a b s e n t .  T h la s p i  a lp e  s t r e  w h ic h  o c c u r r e d  in  s e v e r a l  q u a d ra ts  o n  
T r .  1 w a s  o n ly  p r e s e n t  in  one  q u a d ra t  on  T r .  4 . M a n y  o f  the  
a c c o m p a n y in g  s p e c ie s  w e re  c o m m o n  to  b o th  t r a n s e c t s .  T h e  g e n e r a l  
a r e a  o f  T r .  4 w a s  m o r e  d is tu r b e d  th a n  th a t  o f  T r .  1, th e r e  w a s  
e v id e n c e  o f  r e c e n t  e x c a v a t io n  a n d  b e c a u s e  o f  t h is  b a re  g ro u n d  
a m o u n ts  a n d  th e  c o v e r  v a lu e s  o f  in d iv id u a l  s p e c ie s  c a n n o t be 
c o m p a r e d  d i r e c t l y  w i t h  T r .  1. E v e n  th o u g h  d is tu r b e d  th is  w a s  one 
o f  th e  fe w  a r e a s  a t  L a  C a la m in e  w h e re  A r m e r ia  m a r i t im a  o c c u r r e d  
in  r e la t i v e  a b u n d a n c e  a n d  w a s  t h e r e fo r e  in v e s t ig a te d .  T h e  a r e a  o f  
th e  t r a n s e c t  l in e  w a s  m o r e  o r  le s s  f l a t  a n d  f o r  t h is  r e a s o n  a p lo t  
o f  th e  r e l i e f  h a s  b e e n  o m i t t e d  f r o m  F ig .  4 . 6 .
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Figure 4. 6
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Z in c  c o n c e n t r a t io n s  as  s h o w n  in  F ig .  4 . 6 a r e  lo w e r  o n  t h is  t r a n s e c t  
l in e  th a n  on  L a  C a la m in e  T r .  1 ( F ig .  4 . 5) w h i le  le a d  c o n c e n t r a t io n s  
a r e  s o m e w h a t h ig h e r .  I t  is  c le a r  f r o m  T a b le  4 .11  th a t  c a lc iu m  le v e ls  
in  th e  s p o i l  f r o m  th is  t r a n s e c t  a r e  g e n e r a l ly ,  a n d  a re  o f te n  c o n ­
s id e r a b ly ,  h ig h e r  th a n  o n  T r .  1 (T a b le  4. 9 ). T h is  h a s  a n  e f f e c t  o n  
th e  C a /H M  r a t io  a n d  as  th e  ta b le  s h o w s  e v e r y  s a m p le  o n  T r .  4 h a s  
a r a t i o  w h ic h  is  h ig h e r  th a n  a n y  o f  th o s e  o n  T r .  1 ( T a b le  4 . 9 ) . I t  
a p p e a rs  th a t ,  as  m e a s u r e d  b y  th e  C a /H M  r a t io ,  th e  s p o i l  o f  t h is  
t r a n s e c t  is  le s s  t o x ic  th a n  th a t  o f  T r ,  1. W i th  th e  e x c e p t io n  o f  
s o d iu m  w h ic h  is  p r o b a b ly  n o t  im p o r t a n t  th e  o th e r  c h e m ic a l  a n a ly s e s  
f r o m  th is  t r a n s e c t  l in e  a r e  s i m i l a r  to  th o s e  f r o m  T r .  1.
T a b le  4. 11. B a s e  c o n c e n t r a t io n s ,  p h o s p h o ro u s  s ta tu s ,  p H  a n d  th e  
C a /H M  r a t io  o n  L a  C a la m in e  T r .  4 .
Om 2 m 4 m 6 m 8 m 1 0 m
C a lc iu m  (p p m ) 3 5 , 500 6 5 ,0 0 0 6 2 ,5 0 0 101, 500 6 2 ,5 0 0 4 8 ,5 0 0
S o d iu m  (p p m ) 2 1 0 575 575 780 598 700
P o ta s s iu m  (p p m ) 1 , 1 0 0 1 , 810 1, 400 1, 140 1, 255 2 , 250
M a g n e  s iu m (p p m ) 4 , 800 n d 3, 070 n d 2 , 320 n d
P h o  s p h o  r  ou  s (p p m ) n d n d 1, 6 6 0 n d n d n d
C a / H M  r a t io 0 . 95 1. 36 1 . 2 0 2 . 77 1. 32 0 .7 7
p H 7 . 5 n d 7. 7 n d 7 .6 n d
A s  T a b le  4 .1 2  s h o w s  th e  s p o i l  a t 6 m  o n  T r .  4 c o n ta in s  a la r g e  a m o u n t 
o f  c la y .  T h e  p e r c e n ta g e  o f  c la y  is  th r e e  to  f o u r  t im e s  th a t  o f  th e  
s p o i l  o f  T r .  1 ( T a b le  4 . 10). T h e  g e o lo g ic a l  a c c o u n t  o f  L a  C a la m in e  
in  th e  in t r o d u c t io n  to  th is  c h a p te r  c o n ta in s  a r e fe r e n c e  to  th e  o re  
b o d ie s  c o n s is t in g  o f  m a s s e s  o f  c a la m in e  w i t h  r e d  c la y ,  p e rh a p s  th e  
c la y  in  th e  s p o i l  on  T r ,  4 is  f r o m  s u c h  a s o u r c e .
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T a b le  4. 12 P a r t i c le  s iz e  a n a ly s is  o f  s p o i l  f r o m  6 m  on  
L a  C a la m in e  T r .  4.
C o a r s e  M e d iu m  F in e  S i l t  C la y  O r g a n ic
s a n d  s a n d   s a n d  c a rb o n
2 1 .1% 6 . 5% 8 . 9% 14. 8 % 3 2 .4 %  8 .1%
A r m e r i a  m a r i t im a  is  a b s e n t  f r o m  L a  C a la m in e  T r .  1 b u t  p r e s e n t  o n  
T r .  4 . I t  d o e s  n o t s e e m  p r o b a b le  th a t  t h is  is  due  to  th e  g r e a t e r  
t o x i c i t y  o f  th e  s p o i l  o n  T r .  1. T h e  s p e c ie s  w a s  p r e s e n t  in  th e  
q u a d r a ts  in  Z o n e  1 o n  P lo m b iè r e s  T r .  2 ( F ig .  4 , 3 )  a n d  e v e n  th o u g h  
h e a v y  m e ta l  c o n c e n t r a t io n s  in  th a t  z o n e  a r e  lo w e r  th a n  a t  L a  C a la m in e  
t h is  is  p r o b a b ly  o f f s e t  b y  th e  m u c h  lo w e r  p H  in  Z o n e  1 a t  P lo m b iè r e s .
I t  is  v e r y  p r o b a b le  th a t  th e  s p o i l  in  Z o n e  1 a t  P lo m b iè r e s  is  m o r e  
to x ic  th a n  th a t  a t  L a  C a la m in e ,  b a re  g ro u n d  a m o u n ts  a r e  h ig h e r  th a n  
o n  b o th  o f  th e  L a  C a la m in e  t r a n s e c t s  a n d  th e  s p e c ie s  c o m p le m e n t  is  
lo w e r .  O n ly  4 s p e c ie s  o c c u r  in  Z o n e  1 a t  P lo m b iè r e s  c o m p a r e d  
w i t h  20  o n  L a  C a la m in e  T r .  1.
M o r e  l i k e l y  th a n  e x c lu s io n  b y  t o x i c i t y  is  t h a t  th e  s p o i l  o f  L a  C a la m in e  
T r ,  1 is  to o  d r y  f o r  A .  m a r i t i m a . L a m b in o n  a n d  A u q u ie r  (1964) 
s u g g e s t  t h a t  A .  m a r i t im a  in  th e  A a c h e n - L ie g e  o r e f ie ld  te n d s  to  o c c u r  
o n  th e  m o r e  m o is t  s i te s  a n d  th e  h ig h  c la y  c o n te n t  o f  th e  s p o i l  o f  
• L a  C a la m in e  T r ,  4 im p l ie s  t h a t  th e  m a t e r i a l  w i l l  be  le s s  s u s c e p t ib le  
to  d r o u g h t  th a n  th e  s p o i l  o f  T r .  1.
I t  i s  b e l ie v e d  th a t  M .  v e r n a  is  a b s e n t  f r o m  T r .  4 due to  th e  o c c u r r e n c e  
th e r e  o f  g r e a t e r  c o m p e t i t io n  f r o m  o th e r  s p e c ie s  th a n  o n  T r .  1, T h is  
s u g g e s t io n  o f  a n  in c r e a s e  in  c o m p e t i t io n  o n  T r .  4 is  b a s e d  u p o n  th e  
lo w e r  t o x i c i t y  o f  th e  s p o i l  a n d  th e  re d u c e d  l i k e l ih o o d  o f  i t  b e in g  
a f fe c te d  b y  d r o u g h t .
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I n  th e  c o u rs e  o f  a s h o r t  v i s i t  to  L a  C a la m in e  in  J u ly  1972 a s m a l l  
n u m b e r  o f  s a m p le s  w e re  ta k e n  f r o m  o th e r  p la c e s  on  th e  s p o i l  h e a p s . 
S a m p le s  2 , 3 , 4 , 5 a n d  6 (T a b le  4 .1 3 )  w e r e  o b ta in e d  a t  4 m  in t e r v a ls  
a lo n g  a s h o r t  t r a n s e c t  l in e  o n  th e  to p  o f  th e  s p o i l  h e a p . M in u a r t ia  
v e r n a  w a s  g e n e r a l ly  p r e s e n t  w h i le  A r m e r i a  m a r i t im a  w a s  a b s e n t.  
T h e  a c c o m p a n y in g  s p e c ie s  w e re  s i m i l a r  to  th o s e  o f  U a n s e c ts  1 a n d  
4  a l th o u g h  s l i g h t l y  f e w e r  w e r e  p r e s e n t .  F o r  t h is  re a so n  th e  t r a n s e c t  
h a s  n o t  b e e n  p lo t te d .
T a b le  4. 13. C a lc iu m ,  p H  a n d  o r g a n ic  c a r b o n  d e te r m in a t io n s  a n d  th e  
C a /H M  r a t io  o f  s p o t s a m p le s  2 , 3 , 4 , 5 a n d  6 f r o m  
L a  C a la m in e .
S a m p le
n u m b e r
C a lc iu m
_(PP™)
C a /H M p H O r g a n i
c a r b o n
S2 2 , 2 0 0 0 . 0 4 6 .9 4 .2 %
S3 13, 150 0 . 2 2 7 . 4 5 . 1%
S4 3 , 330 0 . 14 7 .2 3 . 8 %
S5 3 , 050 0 . 09 7 . 1 2 . 1 %
S 6 4 , 900 0 . 0 6 7 . 1 3 . 5%
A s  T a b le  4 . 13 s h o w s  c a lc iu m  c o n c e n t r a t io n s  a n d  C a /H M  r a t io s  a re  
g e n e r a l ly  s l i g h t l y  lo w e r  th a n  o n  L a  C a la m in e  T r .  1 (T a b le  4 . 9 ). 
In s p e c t io n  o f  F ig .  4 . 2 s h o w s  th a t  th e  te n d e n c y  o b s e r v e d  o n  T r .  1 
f o r  le a d  c o n c e n t r a t io n s  to  be  v a r ia b le  o v e r  s h o r t  d is ta n c e s  is  a ls o  
e v id e n t  in  th e s e  s a m p le s .
O n  th e  t r a n s e c ts  o f  th e  s p o i l  h e a p  to p s  V io la  c a la m in a r ia  w a s  n o t 
a n  im p o r t a n t  c o m p o n e n t  o f  th e  v e g e ta t io n  c o m m u n i t ie s .  T h e  s p e c ie s  
o c c u r r e d  a t  lo w  c o v e r  le v e ls  in  o n ly  one  o r  tw o  q u a d ra ts  o n  T r a n s e c ts  
1 a n d  4 . V io la  c a la m in a r ia , g r e w  a b u n d a n t ly  o n  th e  s lo p e s  o f  th e  h e a p s  
a t  L a  C a la m in e ,  o c c u r r in g  w i t h  A r m e r i a  m a r i t i m a , M in u a r t ia  v e r n a  
a n d  o th e r  s p e c ie s .  N o  q u a n t i t a t iv e  s u r v e y  w a s  m a d e  o f  th e  v e g e ta t io n  
o f  th e s e  s lo p e s  b u t  P la te s  1 a n d  2 s h o w  th e  c o n t r a s t  b e tw e e n  th e  
v e g e ta t io n  o f  th e  f l a t  to p s  o f  th e  h e a p s  a n d  th a t  o f  th e  s lo p e s .
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P la te  1.
The v e g e ta t io n  o f a 
s p o il heap s lope  a t 
L a  C a la m in e ,
P la te  2. The v e g e ta t io n  o f the f la t  top  o f the s p o il heap 
a t L a  C a la m in e .
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T a b le  4 . 14 H e a v y  m e ta l ,  c a lc iu m ,  p H  a n d  o r g a n ic  c a rb o n  d e t e r m in ­
a t io n s  a n d  th e  C a /H M  r a t io  o f  S a m p le  1 f r o m  L a  C a la m in e
C o p p e r  L e a d  Z in c  C a lc iu m  C a /H M  p H  O r g a n ic
I e E L L  (p p m )  _(ppm ) (p p m ) ________ __  c a rb o n
167 4 2 ,9 0 0  6 5 ,0 0 0  4 , 900 0 .0 6  6 .7  1 4 .2 %
S a m p le  1 ( T a b le  4 .1 4 )  w a s  ta k e n  a t  th e  s i te  s h o w n  in  P la te  1. I t  is  
e v id e n t  th a t  th e  o r g a n ic  c a r b o n  le v e l  i n  t h is  s p o i l  is  g r e a te r  th a n  th a t  
o f  th e  s p o i l  o f th e  t r a n s e c ts  a n d  s p o t s a m p le s  o f  th e  s p o i l  h e a p  to p s  
( T a b le s  4 .1 0 , 4 .1 2  a n d  4 .1 3 )  in  w h ic h  o r g a n ic  c a r b o n  w a s  g e n e r a l ly  
le s s  th a n  5%, o n ly  r e a c h in g  8 % in  th e  le s s  t o x ic  m a t e r i a l  f r o m  T r .  4 . 
T h e  C a /H M  ra tio  o f  S a m p le  1 is  q u ite  lo w  im p ly in g  c o n s id e r a b le  
t o x i c i t y .  I t  s e e m s  p r o b a b le ,  h o w e v e r ,  t h a t  w i t h  th e  a c c u m u la t io n  o f  
o r g a n ic  m a t t e r  o n  th e  s p o i l  s o m e  lo s s  o f  c a lc iu m  r e la t i v e  to  h e a v y  
m e t a l  h a s  o c c u r r e d  th r o u g h  le a c h in g  a n d  i t  is  u n l i k e ly  th a t  th e  C a /H M  
r a t i o  .o f 0 . 06 r e f le c t s  th e  o r i g i n a l  C a /H M  r a t io  o f  th e  s p o i l  a t  t h is  
s i t e .  A s  a g e n e r a l  p r in c ip le  th e  C a /H M  r a t io  b e c o m e s  le s s  u s e fu l  as 
a  g u id e  to  t o x i c i t y  w i t h  in c r e a s in g  o r g a n ic  m a t t e r  a c c u m u la t io n .
E v e n  o n  th e  a s s u m p t io n ,  h o w e v e r ,  th a t  h e a v y  m e t a l  le v e ls  in  th e  
d e v e lo p in g  s o i l  h a v e  r e m a in e d  c o n s ta n t  w h i le  c a lc iu m  c o n c e n t r a t io n s  
h a v e  d ro p p e d  f r o m  a v a lu e  th r e e  t im e s  t h e i r  p r e s e n t  a m o u n t th e  
C a /H M  r a t io  o f  th e  o r i g i n a l  s p o i l  w o u ld  n o t be a b o v e  0 .2 .  T h is  is  
a b o u t th e  g e n e r a l  r a t i o  o f  th e  s p o i l  o f  th e  a r e a  o c c u p ie d  b y  M in u a r t ia  
v e r n a  o n  T r .  1 (T a b le  4 . 9 ). I t  th u s  a p p e a rs  th a t  o n  th is  p a r t i c u la r  
s i te  a t  le a s t  a m o r e  o r  le s s  c lo s e d  c o m m u n it y  o f  m e t a l  t o le r a n t  
s p e c ie s ,  as  s e e n  o n  P la te  1, h a s  d e v e lo p e d  o n  th e  s p o i l  h e a p  s lo p e  
a t  a C a /H M  r a t i o  w h ic h  on  T r .  1 is  a s s o c ia te d  w i t h  a c o m m u n i t y  
w i t h  50%  b a re  g ro u n d .
T h e  g e n e r a l  im p r e s s io n  a t  L a  C a la m in e  is  o f  r e l a t i v e l y  b a re  s p o i l  
h e a p  to p s  a n d  w e l l  c o lo n iz e d  s p o i l  h e a p  s lo p e s ;  th e  s lo p e s  shov.dng  
a n  o r g a n ic  s u r fa c e  h o r iz o n  d e v e lo p m e n t .  T h e  s p o t s a m p le  s u g g e s ts  
th a t  t o x i c i t i e s  o n  th e  s lo p e s  a n d  o n  th e  h e a p  to p s  m a y  be s im i l a r .  In
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a n y  c a s e  i f  t h is  is  a w id e s p r e a d  p h e n o m e n o n  s p o i l  v a r i a b i l i t y  c a n n o t 
b e  in v o k e d  to  e x p la in  i t .  P e r h a p s  th e  e x p la n a t io n  is  one r e la te d  to  
p h y s ic a l  c o n d i t io n s .  I t  is  p o s s ib le  th a t  th e  to p s  o f  th e  s p o i l  h e a p s  
a r e  m o r e  c o m p a c te d  o r  m o r e  p r o b a b ly  th a t  th e r e  is  g r e a te r  a v a i l ­
a b i l i t y  o f w a te r  on  th e  s p o i l  h e a p  s lo p e s .  T h e  s u b je c t  r e q u i r e s  
f u r t h e r  in v e s t ig a t io n ,  i n i t i a l l y  to  c h e c k  th e  g e n e r a l  v a l i d i t y  o f  the  
im p r e s s io n  d e r iv e d  f r o m  th e  one s p o t s a m p le  a n d  s e c o n d ly ,  i f  
v a l i d i t y  is  s h o w n , to  a c c o u n t  f o r  th e  p h e n o m e n o n .
4 . 5______ O b s e r v a t io n s  i n  th e  m e t a l l i f e r o u s  v e g e ta t io n  o f  the  A a c h e n -
L ie c e  o r e f ie ld
T h e  g e n e r a l  im p r e s s io n  g iv e n  b y  th e  c o n t in e n ta l  w o r k e r s  a b o u t th e  
A a c h e n - L ie g e  o r e f ie ld  is  o f  th e  im p o r ta n c e  o f  z in c  t o x ic i t y .  
S c h w ic k e r a th  (1931) w r o te  o f  th e  " Z in k b o d e n  o n  d e r  U m g e b u n g  
A a c h e n s "  ( th e  z in c  g ro u n d  in  th e  n e ig h b o u rh o o d  o f  A a c h e n )  and  
L a m b in o n  a n d  A u q u ie r  (1964) r e f e r  to  th e  " t e r r a in s  c a l  a m in a r e s "  
( c a la m in e  g ro u n d )  o f  th e  r e g io n .  I t  is  t r u e  th a t  th e  r e g io n  w a s  a n  
im p o r t a n t  z in c  m in in g  a r e a  b u t  th e  im p o r ta n c e  o f  le a d  in  m a n y  s p o i ls  
i n  th e  o r e f ie ld  s h o u ld  n o t  be o v e r lo o k e d .
A t  T h e u x  le a d  e x c e e d e d  z in c  in  c o n c e n t r a t io n  in  e v e r y  s a m p le  
ta k e n  a n d  a ls o  a t  P lo m b iè r e s  le a d  w a s  in  g r e a t e r  c o n c e n t r a t io n  th a n  
z in c  in  m a n y  s a m p le s .  P lo m b iè r e s  w a s  in  f a c t  p r e d o m in a n t ly  a le a d  
m in in g  c e n t r e  a s  th e  n a m e  s u g g e s ts .  E v e n  a t  L a  C a la m in e  w h e re  
z in c  n o r m a l l y  s h o w s  h ig h e r  c o n c e n t r a t io n s  th a n  le a d  in  th e  s p o i l ,  
le a d  a m o u n ts  a r e  b y  n o  m e a n s  n e g l ig ib le .  In s p e c t io n  o f  F ig .  4 .2  
w i l l  d e m o n s t r a te  th e  im p o r ta n c e  o f  le a d  in  m a n y  s p o i ls  in  th e  
o r e f ie ld .
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G iv e n  th a t  le a d  is  g e n e r a l ly  c o n s id e r e d  to  be  m o r e  t o x i c  th a n  z in c  
th e n  i t  is  c le a r  th a t  in  m a n y  p la c e s  in  th e  o r e f ie ld  le a d  m u s t  be a c t in g  
a s  a  m o r e  o r  le s s  e q u a l p a r t n e r  w i t h  z in c  in  c o n t r o l l in g  th e  n a tu r e  o f  
th e  m e t a l l i f e r o u s  v e g e ta t io n ,  th e  C a /H M  r a t i o  in  c o m b in in g  th e  
e f f e c t s  o f  th e  tw o  m e ta ls  r e c o g n is e s  th is  f a c t .  T o  s u g g e s t th a t  the  
m e t a l l i f e r o u s  f l o r a  is  a z in c  f l o r a  is  s o m e th in g  o f  a m is n o m e r .
B r o o k s  (1972) w r o te  " T h e  t r u e  z in c  f lo r a s  a r e  fo u n d  in  W e s te r n  
G e r m a n y  a n d  B e lg iu m  w h e re  th e  s o i ls  a re  r i c h  in  z in c  a n d  do  n o t  
c o n ta in  in o r d in a te  a m o u n ts  o f  c o p p e r  a n d  le a d " .  T h is  s ta te m e n t  is  
t r u e  a s  f a r  a s  c o p p e r  is  c o n c e rn e d  b u t  in a c c u r a te  in  r e s p e c t  o f  le a d .  
T h e  h e a v y  m e t a l  v e g e ta t io n  o f  th e  A a c h e n - L ie g e  o r e f ie ld  m a y  p r o b a b ly  
b e  m o r e  a c c u r a t e ly  r e f e r r e d  to  as  a z in c  a n d  le a d  f l o r a .
I t  d o e s  n o t  a p p e a r  to  be th e  c a s e  th a t  a n y  one o f  th e  in d ic a t o r  s p e c ie s  
in  th e  o r e f ie ld  is  t o le r a n t  o f  j u s t  one h e a v y  m e t a l  a lo n e .  .M in u a r t ia  
v e r n a  a n d  V io la  c a la m in a r ia  o c c u r  a t  T h e u x  w h e re  le a d  is  th e  p r e ­
d o m in a n t  h e a v y  m e t a l  a n d  a t  L a  C a la m in e  w h e re  z in c  is  v e r y  
im p o r t a n t .  A r m e r i a  m a r i t im a  a n d  T h la s p i  a lp e s t r e  w e re  s e e n  a t  
P lo m b iè r e s  a s s o c ia te d  w i t h  h ig h  le a d  le v e ls  a n d  o n  th e  z in c  r i c h  
h e a p s  a t  L a  C a la m in e .
A r m e r i a  m a r i t i m a , M in u a r t ia  v e r n a , T h la s p i  a lp e  s t r e  a n d  V io la  
c a la m in a r ia , to g e th e r  w i t h  s p e c ie s  s u c h  a s  S ile n e  c u c u b a lu s  a n d  
C a m p a n u la  r o t u n d i f o l ia  a r e  th e  s p e c ie s  o f  th e  " z in c  f l o r a "  o f  th e  
c o n t in e n ta l  w r i t e r s .  I t  is  e a s y  to  f o r m  a n  im p r e s s io n  f r o m  th e  
l i t e r a t u r e  th a t  this f l o r a  is  g e n e r a l ly  p r e s e n t  in  a s s o c ia t io n  o n  th e  
s p o i l  h e a p s  o f  th e  A a c h e n - L ie g e  o r e f ie ld .  F ig .  4 .1  w h ic h  m a p s  th e  
d i s t r i b u t i o n  o f  th e  in d ic a t o r  s p e c ie s  in  th e  r e g io n ,  as  f a r  a s  i t  c a n  
b e  a s c e r t a in e d  f r o m  th e  l i t e r a t u r e  a n d  th e  f i e ld w o r k  done  h e r e ,  
s u g g e s ts  th a t  i t  is  n o r m a l  f o r  one o r  m o r e  o f  th e  in d ic a t o r  s p e c ie s  
to  be  a b s e n t  a t  a n y  m e t a l l i f e r o u s  s i t e .  I t  a p p e a rs  th a t  o n ly  a t L a  
C a la m in e  a r e  a l l  th e  in d ic a t o r  s p e c ie s  p r e s e n t  to g e th e r .  V io la  
c a la m in a r ia  is  fo u n d  a t  th e  m o s t  s i te s  ( 8 ) in  th e  o r e f ie ld  f o l lo w e d  b y  
A r m e r i a  m a r i t im a  (7 ) ,  T h la s p i  a lp e s t r e  ( 6 ) a n d  M in u a r t ia  v e r n a  (3 ).
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S o m e  c o n c lu s io n s  a b o u t th e  d is t r ib u t io n s  in  th e  o r e f ie ld  o f  c e r t a in  o f  
th e  in d ic a t o r s  s p e c ie s  a p p e a r  p o s s ib le .  T h e  d is t r i b u t io n  o f  M . v e r n a , 
i t  is  s u g g e s te d ,  is  c o n t r o l le d ,  in  d i f f e r e n t  p la c e s ,  b y  in s u f f i c ie n t  o r  
e x c e s s iv e  t o x i c i t y .  A t  L a  C a la m in e  M . v e r n a  w a s  o n ly  p r e s e n t  a t  tw o  
s i te s  w h e re  th e  p H  w a s  b e lo w  7 . O ne w a s  a t th e  s ite  o f  S a m p le  2 
w h e r e  th e  p H  w a s  6 . 7 b u t  th e  o r g a n ic  c a r b o n  le v e l  w a s  14. 2% a n d  i t  
is  s u g g e s te d  th a t  th e  lo w  p H  h e re  is a s e c o n d a ry  c o n d i t io n  a s s o c ia te d  
w i t h  th e  a c c u m u la t io n  o f  o r g a n ic  m a t t e r ,  as  w a s  e x p la in e d  f o r  
P lo m b iè r e s  T r .  3 , a n d  d o e s  n o t  r e f l e c t  p o te n t ia l  t o x i c i t y .  T h e  o th e r  
w a s  th e  s i te  o f  S a m p le  1 w h e re  th e  p H  w a s  6. 9 , o n ly  ju s t  b e lo w  7 .
A t  B r e in ig e b e r g  a n d  T h e u x  M .  v e r n a  o c c u r r e d  a s s o c ia te d  w i t h  s u b ­
s t r a t e s  w i t h  a p H  a b o v e  7 . A t  P r a y o n ,  S to lb e rg  a n d  P lo m b iè r e s  on  
th e  o th e r  h a n d  w h e re  th e  s p e c ie s  w a s  n o t  p r e s e n t  a l l  p H  v a lu e s  
w e r e  b e lo w  6. 7 a n d  s o m e  w e r e  b e lo w  6.
I t  h a s  b e e n  s u g g e s te d  p r e v io u s ly  in  th e  d is c u s s io n  o f  th e  d is t r ib u t io n  
o f  A r m e r i a  m a r i t im a  a t  L a  C a la m in e  th a t  th e  s p o i l  a t  P lo m b iè r e s  
is  m o r e  t o x ic ,  due  to  g r e a te r  m o b i l i t y  o f  th e  h e a v y  m e ta ls  a t th e  
lo w e r  p H  p r e v a i l i n g  t h e r e ,  th a n  th a t  a t  L a  C a la m in e .  I t  is  b e l ie v e d  
th a t  t h is  a ls o  a p p l ie s  to  th e  s u b s t r a te s  a t  S to lb e r g  a n d  P r a y o n ,  I t  
i s  s u g g e s te d  t h e r e f o r e  th a t  M . v e r n a  m a y  w e l l  be  a b s e n t  f r o m  th e s e  
th r e e  p la c e s  due to  th e  e x c e s s iv e  t o x i c i t y  o f  th e  s u b s t r a te s .
T h e r e  a r e ,  h o w e v e r ,  a n u m b e r  o f  s i te s  w h e re  M .  v e r n a  is  a b s e n t 
a n d  th e  p H  in  a t  le a s t  one  s a m p le  is  a ro u n d  7 , A n g le u r ,  L o n tz e n  
a n d  th e  a l lu v iu m  o f th e  R iv e r  G h e u l.  I t  w a s  s u g g e s te d  th a t  a t  L a  
C a la m in e  M .  v e r n a  w a s  a b s e n t  f r o m  T r .  4 dufe to  g r e a te r  c o m p e t i t io n  
th a n  o n  T r .  1 w h e re  th e  s p e c ie s  o c c u r r e d .  T h is  in c r e a s e d  
c o m p e t i t io n  w a s  due  to  th e  r e l a t i v e l y  lo w e r  t o x i c i t y  a n d  in f e r r e d  
r e l a t i v e l y  b e t t e r  s o i l  m o is t u r e  s ta tu s  o n  T r .  4 . M . v e r n a  w a s  
n o t  fo u n d  a t  L a  C a la m in e  a s s o c ia te d  w i t h  s p o i l  w i t h  a C a /H M  r a t io  
g r e a t e r  than: 0 . 67 a n d  th e  m a jo r i t y  o f  s i te s  a t  w h ic h  th e  s p e c ie s  
o c c u r r e d  s h o w e d  C a /H M  r a t io s  le s s  th a n  0 ,2 5 .  A t  T h e u x  th e  s i te  on  
w l i ic h  th e  s p e c ie s  o c c u r r e d  h a d  a C a /H M  r a t io  o f  0 .2 3 .
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T a b le  4 . 15 T h e  C a /H M  r a t io s  a n d  p H  v a lu e s  o f  th e  s u b s t r a te s  a t 
L o n tz e n  a n d  th e  R iv e r  G h e u l.
C a /H M  p H
L o n tz e n  S I 5 .1 4  7 .0
R iv e r  G h e u l S I 1. 39 7 .2
A s  T a b le  4 .1 5  s h o w s  a lth o u g h  th e  p H  a t  L o n tz e n  in  a n d  th e  a l lu v iu m  
o f  th e  R iv e r  G h e u l is  7 . 0 o r  a b o v e  th e  C a /H M  r a t io s  a t  th e s e  s i te s  
a r e  h ig h e r  th a n  th e  h ig h e s t  r a t i o  a t  w h ic h  M . v e r n a  o c c u r r e d  a t  L a  
C a la m in e .
I t  is  b e l ie v e d  th a t  M . v e r n a  is  a b s e n t f r o m  th e s e  tw o  s i te s  due to  
t h e i r  r e l a t i v e l y  lo w  t o x i c i t y  a n d  th e  c o n s e q u e n t s e v e r i t y  o f  c o m p e t i t io n .  
In d e e d  a t  L o n tz e n ,  as  m e n t io n e d  p r e v io u s ly ,  V .  c a la m in a r ia ,
A .  m a r i t im a  a n d  T . a lp e s t r e  w e re  a b s e n t  a n d  th is  w a a  a ls o  th e  c a s e  
a t  th e  R iv e r  G h e u l s i t e .  A lth o u g h  th e  a l lu v iu m  f r o m  th e  R iv e r  G h e u l 
l o c a l i t y  h a s  a C a /H M  r a t io  w h ic h  f a l l s  w i t h in  th e  ra n g e  o f  th o s e  o f  
s o m e  o f  th e  s p o i ls  o c c u p ie d  b y  A r m e r i a  m a r i t im a  a t  L a  C a la m in e  
th e  tw o  s i te s  a re  n o t  c o m p a r a b le ,  i t  m a y  be s u p p o s e d  th a t  th e  p h y s ic a l  
c o n d i t io n s  o f  th e  s o i l  e n v i r o n m e n t  o n  th e  f lo o d p la in  o f  th e  R iv e r  
G h e u l a r e  f a r  le s s  s e v e r e  ■ th a n  o n  th e  s p o i l  h e a p s  a t L a  C a la m in e  
a n d  th u s  th e  a b s e n c e  o f  in d ic a t o r  s p e c ie s  a t  t h is  p a r t i c u la r  s i te  is  
n o t  s u r p r i s in g .
A n g le u r  p r e s e n ts  m o r e  d i f f i c u l t y ,  th e  S a m p le  T r .  l / 2 m  s h o w e d  a 
C a / H M  r a t io  o f  0. 27 a n d  a p H  o f  7 . 0 a n d  th e  r e a s o n  f o r  th e  a b s e n c e  
o f  M . v e r n a  f r o m  th is  l o c a l i t y  is  n o t  a p p a re n t .
T h e  f i n a l  a n o m a ly  in  the  d is t r i b u t io n  o f  M . v e r n a  in  th e  o r e f ie ld  is  
p r e s e n te d  b y  th e  s i te  a t  .B r e in ig e b e r g .  H e re  M . v e r n a  o c c u r r e d  in  
th e  v i c i n i t y  o f  T r .  l / 2 m  in  s o i l  w i t h  a c a lc iu m  c o n c e n t r a t io n  o f  
2 9 5 , 000 p p m  a n d  a C a /H M  r a t i o  o f  15. 95 . T h is  s i te  w a s  o n  th e  
a r i d ,  s te e p ly  s lo p in g  s id e  o f  a n  e x c a v a te d  v e in  a n d  is  b e l ie v e d  n o t to
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be  c o m p a r a b le  w i t h  s p o i l  h e a p s  e ls e w h e r e  in  th e  o r e f ie ld .  In d e e d  i t  
is  p o s s ib le  t h a t  in  s o i l  w i t h  s u c h  a h ig h  c a lc iu m  c o n c e n t r a t io n  c a lc iu m  
t o x i c i t y  r e p la c e s  h e a v y  m e t a l  t o x i c i t y  as  a c o n t r o l l in g  f a c t o r  o n  the  
v e g e ta t io n .
In  c o n t r a s t  to  M in u a r t ia  v e r n a , V io la  c a la m in a r ia , T h la s p i  a lp e s t r e  
a n d  A r m e r ia  m a r i t im a  do  n o t  a p p e a r  to  be a f fe c te d ,  in  t e r m s  o f  t h e i r  
g r o s s  d i s t r i b u t io n  in  th e  o r e f ie ld ,  b y  e x c e s s iv e  t o x i c i t y .  T h e y  a l l  
o c c u r  o n  s i te s  w h ic h  i t  h a s  b e e n  s u g g e s te d  a re  to o  to x ic  f o r  M . v e r n a  
a n d  c o r r e s p o n d in g ly  h a v e  a w id e r  d i s t r i b u t io n  in  th e  A a c h e n - L ie g e  
r e g io n .  A .  m a r i t im a  a p p e a rs  f r o m  th e  in f o r m a t io n  a v a i la b le  f r o m  L a  
C a la m in e  to  be m o r e  c o m p e t i t iv e  th a n  M . v e r n a  a n d  th is  w i l l  be  a f a c t o r  
le a d in g  to  a m o r e  w id e s p r e a d  d is t r ib u t io n .  I n s u f f i c ie n t  in f o r m a t io n  is  
a v a i la b le  f r o m  th e  o r e f ie ld  a b o u t V .  c a la m in a r ia  a n d  T .  a lp e s t r e  to  
e la b o r a te  f u r t h e r  o n  t h e i r  d is t r ib u t io n .
110
CHAPTER 5
T H E  M E N D IE S
5. 1_______ I n t r o d u c t io n
L y in g  a b o u t  2 0 k m  to  th e  s o u th  w e s t  o f  B r i s t o l  th e  M e n d ip s  s t r e t c h  
f r o m  ju s t  s o u th  o f  W e s to n - s u p e r - M a r e  in  th e  w e s t  to  F r o m e  in  th e  
e a s t .  T h e  g e o lo g ic a l  s t r u c t u r e  o f  th e  a r e a  c o n s is ts  o f  f o u r  en  
e c h e lo n  p e r i c l i n e s ,  o f f s e t  s o u th w a rd s  f r o m  w e s t  to  e a s t .  T h e s e  fo ld s  
d ip  m o r e  s te e p ly  to  th e  n o r t h  th a n  to  th e  s o u th  a n d  in  s t r u c t u r e  
b e c o m e  m o r e  c o m p l ic a te d  e a s tw a r d s .  T h e  fo ld s  a re  o f  A r m o r ic a n  
a g e  a n d  c h a r a c t e r i s t i c a l l y  s h o w  a c o re  o f  O ld  R e d  S a n d s to n e  f la n k e d  
b y  m a s s iv e  l im e s to n e s  o f  th e  L o w e r  C a r b o n i f e r o u s .
S u b s e q u e n t to  th e  A r m o r i c a n  fo ld in g  e r o s io n  o c c u r r e d  in  th e  
T r i a s s i c  p e r io d  a n d  a t  t h is  s ta g e  th e  T r i a s s i c  D o lo m i t ic  C o n ­
g lo m e r a te  w a s  d e p o s ite d .  T h e  D o lo m i t ic  C o n g lo m e r a te  is  a r a t h e r  
v a r ia b le  d e p o s i t  c o n s is t in g  m o s t  o f te n  o f  a n g u la r  C a r b o n i fe r o u s  
L im e s to n e  f r a g m e n ts ,  s o m e t im e s  q u ite  la r g e ,  e m b e d d e d  in  a c e m e n t  
o f  c a r b o n a te s ,  f r e q u e n t ly  o f  d o lo m i t ic  ty p e .  T h e  D o lo m i t ic  C o n ­
g lo m e r a te  is  v a r ia b le  a ls o  in  th ic k n e s s ,  i t  a p p e a rs  to  h a v e  b e e n  
l a i d  d o w n  u n d e r  a r i d  c o n d i t io n s  as  a s c re e  o r  a l l u v ia l  fa n  d e p o s it  
a s s o c ia te d  w i t h  th e  s te e p  s lo p e s  a n d  v a l le y s  o f  th e  A r m o r i c a n  m a s s i f .
F o l lo w in g  th e  d e p o s i t io n  o f  th e  D o lo m i t ic  C o n g lo m e r a te  r o c k s  o f  
R h a e t ic  a n d  J u r a s s ic  age  w e re  d e p o s ite d  in  th e  M e n d ip  a r e a  b u t 
a p p e a r  to  h a v e  b e e n  r e m o v e d  b y  la t e r  e r o s io n  f r o m  th e  w e s te r n  
p a r t  u n d e r  c o n s id e r a t io n  h e r e .  T h e  M e n d ip s  w e re  f i n a l l y  a f fe c te d  
to  a s m a l l  d e g re e  b y  fo ld in g  a s s o c ia te d  w i t h  the  A lp in e  o r o g e n y .
T h e  d o m in a n t  g e o m o r p h o lo g ic a l  fe a tu r e  o f  th e  M e n d ip s  is  th e  
M e n d ip  p la te a u ,  a r e la t i v e l y  f l a t  e r o s io n  s u r fa c e  a t  230  -  2 6 0 m  
a b o v e  w h ic h  th e  ro u n d e d  O ld  R e d  S a n d s to n e  h i l l s  s u c h  as B la c k  
D o w n  r i s e  to  h e ig h ts  j u s t  in  e x c e s s  o f  3 0 0 m . B a s ic a l l y  th e r e  a r e
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tw o  s c h o o ls  o f  th o u g h t  a b o u t th e  o r i g i n  o f  th is  e r o s io n  s u r fa c e .
W o r k e r s  s u c h  a s  D o n o v a n  (1969) a n d  K e n d a l l  (1955) h a v e  s u g g e s te d  
d i f f e r e n t  p r e - M io c e n e  a g e s  w h i le  T r u e m a n  (1939) a n d  W o o ld r id g e  
(1 9 6 1 ) h a v e  s u g g e s te d  th a t  th e  s u r fa c e  h a s  i t s  o r ig in  in  a s u b a e r ia l  
p e n e p la in  o f  M io c e n e - P l io c e n e  a g e . F o r d  a n d  S ta n to n  (1968) c o n s id e r e d  
th e  m a t t e r  in  s o m e  d e t a i l  a n d , ta k in g  in to  a c c o u n t  th e  f o ld in g  o f  th e  
M i d - T e r t i a r y  w h ic h  th e  s u r fa c e  is  c u t  a c r o s s  in  p la c e s ,  s u g g e s t a 
M io c e n e - P l io c e n e  a g e  b u t  do  n o t  d is c o u n t  th e  p o s s ib i l i t y  o f  th e  
in c o r p o r a t io n  in to  th e  f e a tu r e  o f  e x h u m e d  e a r l i e r  s u r fa c e s .
In to  th e  f la n k s  o f  t h is  e r o s io n  s u r fa c e ,  p r o b a b ly  in  p e r ig la c ia l  c o n ­
d i t io n s  in  P le is to c e n e  t im e s ,  th e  la r g e  l im e s to n e  g o rg e s  o f  th e  a r e a  
s u c h  a s  B u r r in g t o n  C o m b e  a n d  C h e d d a r  G o rg e  h a v e  b e e n  c u t.  
A d d i t i o n a l l y  u n d e r  p e r ig la c ia l  c o n d i t io n s  c o n s id e r a b le  m a s s  m o v e m e n t  
o f  m a t e r i a l  o c c u r r e d  a n d  a r e a s  o f  th e  l im e s to n e  a d jo in in g  th e  O ld  
R e d  S a n d s to n e  h i l l s  a r e  m a n t le d  b y  O ld  R e d  S a n d s to n e  h e a d . S om e 
d e p o s i t io n  o f  a e o l ia n  lo e s s - l i k e  m a t e r i a l  a p p e a rs  to  h a v e  o c c u r r e d  
d u r in g  th e  P le is to c e n e  a n d  in  c o n s e q u e n c e  m a n y  o f  th e  s o i ls  o f  th e  
M e n d ip s  a r e  s o m e w h a t h e te ro g e n o u s  in  o r ig in  ( F in d la y ,  1965 ).
T h e  M e n d ip s  r i s e  to  a g e n e r a l  h e ig h t  o f  a r o u n d  2 5 0 m  a n d  th e  c l im a te  
is  t h e r e f o r e  u p la n d  in  n a tu r e .  L o w  c lo u d  o n  th e  h ig h  g ro u n d  is  n o t 
u n u s u a l  a n d  th e  M e n d ip s  p r o b a b ly  r e c e iv e  a p p r e c ia b ly  le s s  s u n s h in e  
th a n  s u r r o u n d in g  a r e a s .  T h e  J a n u a ry  m e a n  te m p e r a tu r e  a t W e s to n -  
s u p e r - M a r e  is  5 . 2 °C  a n d  th e  J u ly  m e a n  is  17°C  a n d  i t  a p p e a rs  
p r o b a b le  th a t  m e a n  t e m p e r a tu r e s  a t  2 5 0 m  o n  th e  M e n d ip s  a r e  a b o u t 
1. 5 °C  lo w e r  th a n  th e s e .  F in d la y  (1965) s u g g e s ts  th a t  th e  g r o w in g  
s e a s o n  o n  th e  M e n d ip s  e x te n d s  f r o m  m id  M a r c h  to  th e  e n d  o f  th e  
f i r s t  w e e k  in  N o v e m b e r .  P r e c ip i t a t io n  in  th e  a r e a  s t e a d i ly  in c r e a s e s  
w i t h  a l t i t u d e  a n d  i t  is  s u g g e s te d  b y  F in d la y  (1965) th a t  th e  h ig h e s t  
p a r t s  r e c e iv e  in  e x c e s s  o f  1 3 0 0 m m  e a c h  y e a r .
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T h e  s o i ls  o f  th e  M e n d ip  a r e a ,  e v e n  th o s e  d e v e lo p e d  o v e r  C a r b o n i fe r o u s  
L im e s to n e ,  a r e  o f te n  q u ite  le a c h e d .  T h is  is  due to  th e  a d m ix tu r e  o f 
f o r e ig n  m a t e r i a l  w h ic h  m a n y  o f  th e m  c o n ta in  a n d  a ls o  th e  r e la t i v e l y  
h e a v y  r a i n f a l l  o f  th e  r e g io n .  T he  p H  o f  th e  s u r fa c e  h o r iz o n s  o f  the  
N o r d r a c h  s e r ie s ,  th e  m o s t  a b u n d a n t s o i l  s e r ie s  o n  M e n d ip ,  is  
g e n e ra l ly  b e tw e e n  5. 6 a n d  6. 5 ( F in d la y ,  1965 ). B e c a u s e  s u r fa c e  h o r iz o n s  
a r e  s o m e w h a t  le a c h e d ,  o n ly  w h e re  s o i ls  a r e  v e r y  s h a l lo w  is  a w e l l  
d e v e lo p e d  a s s o c ia t io n  o f  c a lc ic o le  p la n ts  p r e s e n t  a n d  on  th e  s o i ls  o f  
m o s t  o f  th e  l im e s to n e  p la te a u  m o r e  o r  le s s  c a lc i fu g e  s p e c ie s  s u c h  
a s  A g r o s t i s  te n u is  a r e  p r e s e n t  in  th e  g r a s s la n d  a s s o c ia t io n s .  O n ly  
o n  t l ie  to p s  o f  th e  s a n d s to n e  h i l l s ,  h o w e v e r ,  is  h e a th e r  m o o r la n d  
d e v e lo p e d .
A p a r t  f r o m  th e  r e c e n t ly  p la n te d  F o r e s t r y  C o m m is s io n  w o o d la n d s ,  
m a in l y  o f  c o n i fe r o u s  s p e c ie s ,  th e r e  is  r e l a t i v e l y  l i t t l e  w o o d la n d  p r e s e n t  
o n  th e  M e n d ip  p la te a u  to d a y  a n d  th is  s e e m s  a ls o  to  h a v e  b e e n  th e  c a s e  
in  M e d ie v a l  t im e s  ( F in d la y ,  1965 ), T h e  a b u n d a n c e  o f  p r e h is t o r i c  
e a r t h w o r k s  in  th e  a r e a  s u g g e s ts  a h ig h  d e n s i t y  o f  o c c u p a t io n  in  N e o ­
l i t h i c  a n d  B r o n z e  a g e  t im e s  a n d  i t  s e e m s  p ro b a b le  th a t  m u c h  d e ­
f o r e s t a t io n  o c c u r r e d  in  th e s e  p e r io d s .  I t  is  l i k e l y  th a t  a n y  r e m a in in g  
w o o d la n d s  w e r e  c le a r e d  in  R o m a n  t im e s  a n d  in  th e  M id d le  A g e s  to  
p r o v id e  w o o d  f o r  th e  s m e l t in g  o f  le a d .
M in e r a l i s a t io n  in  th e  M e n d ip s  a p p e a rs  to  b e , as in  o th e r  a r e a s ,  th e  
r e s u l t  o f  s e g r e g a t io n  f r o m  a s c e n d in g  h y d r o t h e r m a l  s o lu t io n s .  T h e r e  
is  s o m e  u n c e r t a in t y  a b o u t  th e  age o f  th e  m in e r a l i s a t io n s .  T h e  
y o u n g e s t  r o c k s  a f fe c te d  b y  la r g e  s c a le  m in e r a l i s a t io n  a re  th o s e  o f  
th e  D o lo m i t i c  C o n g lo m e r a te  a n d  th e  c o n s e n s u s  o f  o p in io n  is  th a t  
m in e r a l i s a t io n  m o r e  o r  le s s  im m e d ia t e ly  p o s td a te s  th e  d e p o s i t io n  o f  
t h is  r o c k .  G re e n  (1938) h o w e v e r  p o in ts  o u t th a t  th e r e  is  s o m e  e v id e n c e  
w h ic h  m ig h t  s u p p o r t  th e  s u g g e s t io n  o f  a l a t e r  d a te  f o r  th e  
m in e r a l i s a t io n .
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A s  m e n t io n e d  in  C h a p te r  2 le a d  a r t e f a c t s  u n e a r th e d  a t  G la s to n b u ry  
L a k e  V i l la g e  s u g g e s t th a t  th e  m in e s  o f  M e n d ip  m a y  h a ve  b e e n  w o rk e d  
p r i o r  to  th e  p e r io d  o f  R o m a n  o c c u p a t io n ;  w h a t is  c e r ta in  is  th a t  th e  
R o m a n s  w o r k e d  a n d  s m e lte d  le a d  on  a la r g e  s c a le  in  th e  a re a  a n d  
w e re  e s ta b l is h e d  a n d  p r o d u c in g  b y  A .  D . 49  (G o u g h , 1930). W o rk in g  
c o n t in u e d  th r o u g h  th e  M id d le  A g e s  b u t  th e  a v a i la b le  e v id e n c e  s u g g e s ts  
th a t  m in in g  w a s  on  a r e la t i v e l y  s m a l l  s c a le  b e fo r e  th e  l a t t e r  p a r t  o f 
th e  S ix te e n th  C e n tu r y  (G re e n ,  1958 ). B y  th e  m id d le  o f  th e  N in e te e n th  
C e n tu r y  th e  e x t r a c t iv e  p h a s e  o f  m in in g  w a s  o v e r  in  th e  M e n d ip s  b u t 
th e  in d u s t r y  s u p p o r te d  i t s e l f  b y  th e  r e w o r k in g  o f  w a s te  m a t e r ia ls  
u n t i l  1908 w h e n  th e  lo w  p r ic e  o f  le a d  b r o u g h t  a c t i v i t y  in  th e  o r e f ie ld  
to  a c lo s e .  Z in c  m in in g  in  th e  S h ip h a m  a r e a  w a s  a lw a y s  on  a f a i r l y  
s m a l l  s c a le  a n d  w a s  im p o r t a n t  a ro u n d  th e  b e g in n in g  o f  th e  N in e te e n th  
C e n tu r y .  M u c h  o f  th e  o re  w a s  t r a n s p o r t e d  to  B r i s t o l  f o r  u s e  in  th e  
m a n u fa c tu r e  o f  b r a s s .
5. 2_______T h e  d is t r ib u t io n  o f  th e  in d ic a t o r  s p e c ie s  in  th e  M e n d ip s
F ig .  5. 1 o u t l in e s  th e  a re a s  o f  m in e r a l is a t io n  w i t h in  th e  M e n d ip s  a n d  
th e  d i s t r i b u t io n  o f  th e  in d ic a to r  s p e c ie s .  T h re e  in d ic a to r  s p e c ie s  
o c c u r  in  th e  M e n d ip s ,  M in u a r t i a v e r n a , T h la s p i  a lp e  s t r e  a n d  S ile n e  
m a r i t i m a . R e c o rd s  o f  d i s t r i b u t io n  d e r iv e d  f r o m  K e w  H e r b a r iu m  a n d  
th e  B . S . B . I .  s u r v e y  in d ic a te  lo n g  s ta n d in g  p re s e n c e  a t  S h ip h a m ,
S to c k  H i l l  a n d  C h a r te r h o u s e .  T h e re  a re  n o  r e c o r d s ,  n e w  o r  o ld ,  o f  
a n y  o f  th e  s p e c ie s  o c c u r r in g  o n  th e  m in e r a l is e d  a r e a s  to  th e  e a s t  o f  
N o r d r a c h  o r  to  th e  n o r t h  o f  P r id d y .  T h e  m in in g  a re a  a t F e r n h i l l  
F a r m  to  th e  e a s t  o f  N o r d r a c h  w a s  v is i t e d  in  M a y  1972; th e  a re a s  
o f  d is tu r b e d  g ro u n d  w e re  v e r y  o v e r g r o w n  a n d  p a r ts  o f  th e m  w e re  
b e in g  r e c la im e d .  T h e  w o r k in g s  to  th e  s o u th e a s t o f  N o r d r a c h  s h o w n  
o n  F ig .  5. 1 w e re  s i m i l a r l y  c o v e r e d  b y  a c lo s e d  v e g e ta t io n  c o m m u n ity  
a n d  no  f u r t h e r  a t te n t io n  w a s  g iv e n  to  th e s e  a r e a s .
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A t  S to c k  H i l l ,  e a s t  o f  P r id d y ,  th e  a r e a  o f  o u tc r o p p in g  v e in s  is  w i t h in  
a c o n i fe r o u s  p la n ta t io n  a n d  w o r k in g s  a re  v is ib le  a m id s t  th e  t r e e s .
O n ly  in  th e  s m a l l  a r e a  to  th e  s o u th  o f  th e  s m a l l  la k e  a re  M . v e rn a  
a n d  S. m a r i t im a  p r e s e n t .  A t  C h a r te r h o u s e  a la r g e  a r e a  to  th e  w e s t  
o f  U b le y  W a r r e n  F a r m  h a s  b e e n  d is tu r b e d  b y  m in in g  o p e r a t io n s  b u t 
is  g e n e ra l ly  c o v e r e d  b y  a d o s e d  h e rb a c e o u s  c o m m u n it y  a n d  th e  
in d ic a t o r  s p e c ie s  o c c u r  o n ly  lo c a l l y .  T o  th e  n o r t h  o f  S h ip h a m  th e  
v e in s  in t e r s e c t  th e  u n c la s s i f ie d  r o a d  n e a r  th e  c e m e te r y  a n d  h e re  a g a in  
S. m a r i t im a  a n d  T .  a lp e s t r e  a re  v e r y  lo c a l iz e d  w i t h in  th e  d is tu r b e d  
a r e a .  T h e  g e n e r a l  s i t u a t io n  in  th e  M e n d ip s  a p p e a rs  to  be one o f 
a lm o s t  c o m p le te ly  c o lo n iz e d  s p o i l  a re a s  w i t h  th e  in d ic a t o r  s p e c ie s  
s u r v iv in g  in  s m a l l  a n d  is o la t e d  l o c a l i t i e s .
5. 3______ In v e s t ig a t io n s  in  th e  in d ic a t o r  p la n t  l o c a l i t i e s
S h ip h a m
T h e  v e in s  a t S h ip h a m  c o n ta in e d  z in c  c a rb o n a te ,  w e re  v e r y  th in  a n d  
w e r e  w o r k e d  b y  r a t h e r  p r im i t i v e  m e a n s .  T h la s p i  a lp e s t r e  a n d  S ile n e  
m a r i t im a  g r o w  in  th e  a r e a  o n  h e a p s  o f  r e d d is h  c o lo u r e d  D o lo m i t ic  
C o n g lo m e r a te  s p o i l .
A  s h o r t  t r a n s e c t  o n  a s p o i l  h e a p  s lo p e  o f  22*^, r e n d e r e d  u n s ta b le  b y  
th e  t r a m p l in g  o f  c a t t le ,  s h o w e d  le a d  c o n c e n t r a t io n s  v a r y in g  f r o m  
2 , 4 0 0  to  8, 500 p p m . a n d  z in c  le v e ls  f r o m  10, 000  to  38 , 000 p p m .
V e r y  l i t t l e  b a r e  s p o i l  w a s  e x p o s e d  on  th e  t r a n s e c t  l in e  a n d  T .  a lp e s t r e  
g r e w  in  a d is t u r b e d  h u m u s  r i c h  la y e r  o v e r ly in g  s p o i l .  T h e  o r g a n ic  
c a r b o n  c o n c e n t  o f  th e  s u r fa c e  s o i l  v a r i e d  f r o m  1 2 -2 9 % . C a lc iu m  
c o n c e n t r a t io n s  in  th e  s u r fa c e  s o i l  o n  th e  t r a n s e c t  l in e s  w e re  b e tw e e n  
7 , 560  a n d  2 8 , 800 p p m  a n d  th e  p H  o f  th e  s p o i l  w a s  f r o m  6. 6 to  7 . 0.
In  a  f e w  p la c e s  e ls e w h e r e  s m a l l  a re a s  o f  r e l a t i v e l y  b a re  s p o i l  
p o s s ib ly  e x c a v a te d  b y  r a b b i t s ,  s u p p o r te d  in d iv id u a ls  o f  T .  a lp e s t r e  
a n d  S. m a r i t i m a . Z in c  in  s u c h  s i te s  v a r ie d  b e tw e e n  2 0 , 000 a n d  
41, 000  p p m , one  s a m p le  s h o w e d  c a lc iu m  a t  32 , 000  p p m . , a p H  o f
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7 .1  a n d  an  o r g a n ic  c a rb o n  c o n te n t  o f  2 . 3%. I t  is  e v id e n t  th a t  th is  
s p o i l  w i t h  a lo w  o r g a n ic  c a r b o n  c o n te n t  s h o w s  a p H  a b o v e  7 w h i le  
th e  s p o i l  o f  th e  t r a n s e c t  l in e  v / i t h  h ig h e r  o r g a n ic  c a rb o n  le v e ls  
s h o w s  p H  v a lu e s  g e n e r a l ly  b e lo w  7 . T h is  a g a in  is  th e  p h e n o m e n o n  
o f  th e  s e c o n d a ry  d e v e lo p m e n t  o f  a lo w e r  p H  r e la te d  to  o r g a n ic  m a t t e r  
a c c u m u la t io n  a s  d is c u s s e d  f o r  th e  A a c h e n - L ie g e  o r e f ie ld .
T h e  C a /H M  r a t i o  o f  th e  s a m p le s  f r o m  S h ip h a m  ra n g e d  b e tw e e n  0. 4 
a n d  2 . 49 a n d  8 o u t o f  th e  12 f e l l  w i t h in  th e  ra n g e  0. 5 to  1 .1 0 . T h e  
m a x im u m  C a /H M  r a t io  a t  w h ic h  T h la s p i  a lp e  s t r e  w a s  fo u n d  w a s  
1. 01 a n d  t h is  w a s  in  s p o i l  d is t u r b e d  b y  r a b b i t s .
T a b le  5 .1  s h o w s  th e  r e s u l t  o f  a p a r t i c le  s iz e  a n a ly s is  o f  th e  s p o i l  
f r o m  th e  t r a n s e c t  a t  S h ip h a m  a n d  d e m o n s t r a te s  th a t  a lth o u g h  i t  d o e s  
n o t  s h o w  a h ig h  c la y  c o n te n t  i t  is  n o t  p a r t i c u l a r l y  c o a rs e  b y  s p o i l  
h e a p  s ta n d a r d s .
T a b le  5. 1 P a r t i c le  s iz e  a n a ly s is  o f  s p o i l  f r o m  4 m  o n  S h ip h a m  T r .  1.
C o a r s e  M e d iu m  F in e  S i l t  C la y  O r g a n ic
s a n d  s a n d  s a n d      c a rb o n
1 9 .3 %  1 2 .6 %  11.8%  3 0 .5 %  10 .2 %  13 .3%
I t  w a s  c le a r  th a t  a t  S h ip h a m  c o lo n iz a t io n  o f  th e  s p o i l  h e a p s  w a s  w e l l  
d e v e lo p e d .  T h la s p i  a lp e  s t r e a n d  S ile n e  m a r i t im a  w e re  o n ly  fo u n d  w h e re  
th e  g ro u n d  w a s  d is t u r b e d  b y  e i t h e r  r a b b i t s  o r  c a t t le  a n d  th e  s p o i l  
h e a p s  w e re  f o r  th e  m o s t  p a r t  c o v e r e d  b y  a c lo s e d  v e g e ta t io n  c o m m u n it y  
in v o lv in g  s p e c ie s  s u c h  a s  F e s tu c a  o y in a ,  H o lc u s la n a tu s  L .  , P la n ta g o  
la n c e o la ta  L .  , H ie r a c iu m  p i lo s e l la  a n d  T h y m u s  d r u c e i  R o n n .
C h a r te r h o u s e
M i n u a r t ia  v e r n a ,  T h la s p i  a lp e  s t r e  a n d  S ile n e  m a r i t im a  a re  p r e s e n t  a t  
C h a r te r h o u s e  a lth o u g h  n o t  i n  a s s o c ia t io n .  T .  a lp e s t r e  a n d  S. m a r i t im a  
g r o w  o n  th e  s la g  m a t e r ia ls  p ro d u c e d  b y  N in e te e n th  C e n tu r y  s p o i l  
s m e l t in g  o p e r a t io n s  w h i le  a l im e s to n e  o u tc r o p  s u p p o r ts  s m a l l  
p o p u la t io n s  o f  M .  v e r n a  a n d  S. m a r i t im a .
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T h e  s la g s  s t i l l  c o n ta in  le a d  a n d  z in c  in  a p p r e c ia b le  q u a n t i t ie s .  A  s a m p le  
s h o w e d  le a d  a t  4 5 , 200  p p m  a n d  z in c  a t  15, 900 p p m . T h e  p H  w a s  5. 2 , 
th e  o r g a n ic  c a r b o n  co n te n t 7% , a n d  th e  c a lc iu m  c o n c e n t r a t io n  1 6 ,2 5 0  p p m . 
I t  is  th e  c a s e  in  c e r t a in  s p o i l  m a t e r ia ls ,  as i t  is  in  th is  s la g  f r o m  
C h a r te r h o u s e ,  t h a t  p H  m a y  be  q u ite  lo w  w h e n  c a lc iu m  c o n c e n t r a t io n s  
a r e  b y  no  m e a n s  n e g l ig ib le .  A c id i t y  in  s u c h  s i tu a t io n s  p r o b a b ly  
r e f l e c t s  th e  p re s e n c e  o f  s u lp h u r  in  th e  m a t e r ia l  in  a s ta te  w h ic h  c a n  
b e  o x id is e d  o r  h y d r o ly s e d  to  f o r m  s u lp h u r ic  a c id .  T h e  s u lp h u r  is  
d e r iv e d  f r o m  th e  s u lp h id e  o r e s  s u c h  as  g a le n a  a n d  z in c  b le n d e .
S la g ,  e v e n  w h e n  d e r iv e d  f r o m  th e  s m e l t in g  o f  c a lc a r e o u s  m a t e r ia ls ,  
s e e m s  to  be  s o m e v /h a t  m o r e  a c id ic  th a n  o r d in a r y  m e t a l l i f e r o u s  s p o i l .  
T h is  w a s  a ls o  th e  c a s e  a t  P lo m b iè r e s  a n d  a t  S to lb e r g  in  th e  A a c h e n -  
L ie g e  a r e a .  T h e  lo w  p H  a n d  h ig h  h e a v y  m e ta l  c o n c e n t r a t io n s  o f  th e  
s la g  a t  C h a r te r h o u s e  im p ly  t h a t  i t  w i l l  h a v e  a h ig h  t o x i c i t y .
A l t h o u g h  n o t fo u n d  o n  th e  s la g  d u m p s  M . v e r n a  o c c u r r e d  a t  C h a r te r h o u s e  
o n  a n  a r e a  o f  o u tc r o p p in g  l im e s to n e .  I t  is  d i f f i c u l t  to  a s s e s s  th e  
e x te n t  to  w h ic h  t h is  o u tc r o p  m a y  h a v e  b e e n  a f fe c te d  b y  m in in g  a c t i v i t y .  
T h e r e  is  s o m e  e v id e n c e  in  p la c e s  o f  s m a l l  s c a le  w o r k in g s  a n d  the  
w h o le  a r e a  m a y  h a v e  b e e n  d is tu r b e d ,  e v e n  i f  o n ly  i n d i r e c t l y ,  in  th e  
c o u r s e  o f  m in e r a l  e x p lo i t a t io n  in  th e  p a s t .  T h e  g e n e r a l  a n g le  o f  
s lo p e  o f  th e  l im e s to n e  o u tc r o p  w a s  o f  th e  o r d e r  o f  10° a lth o u g h  c e r t a in  
p a r t s  w e re  s te e p e r .
L e a d  c o n c e n t r a t io n s  o n  a t r a n s e c t  l in e  on  th e  o u tc r o p  v a r ie d  f r o m  
5 3 , 000  p p m  to  th e  v e r y  h ig h  le v e l  o f  162, 000 p p m . Z in c  w a s  lo w  
a t  a r o u n d  2 , 000  p p m  a n d  c a lc iu m  ra n g e d  f r o m  8 , 500 to  7 9 , 500 p p m .
T h e  C a /H M  r a t io s  f o r  a l l  s a m p le s  w e r e  b e lo w  0 . 39 a n d  th e  p H  v a r ie d  
b e tw e e n  7 . 0 a n d  7 . 4 . M .  v e r n a  o c c u r r e d  a t  c o v e r  v a lu e s  o f  2% in  
th e  f i r s t  tw o  m e t r e  s q u a re  q u a d ra ts  o f  th e  t r a n s e c t  l in e  a n d  w a s  n o t 
p r e s e n t  a n y w h e re  e ls e  o n  th e  t r a n s e c t .  L e a d  c o n c e n t r a t io n s  in  th e  
a r e a  o c c u p ie d  b y  M .  v e r n a  w e re  b e tv /e e n  oO, 000 a n d  80 , 000  p p m .
T a b le  5 .2  s h o w s  th e  r e s u l t s  o f  a n a ly s e s  f o r  s o d iu m ,  p o tk s s iu m ,  
m a g n e s iu m  a n d  p h o s p h o ro u s  a t  Im ,  w i t h in  th e  M .  v e r na a r e a .  T h e  
b a s e s  a n d  p h o s p h o ro u s  s h o w  c o n c e n t r a t io n s  s i m i l a r  to  th o s e  o f  
c a lc a r e o u s  s p o i l  h e a p s .
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T a b le  5. 2 S o d iu m , p o ta s s iu m ,  m a g n e s iu m  a n d  p h o s p h o ro u s  
d e te r m in a t io n s  f r o m  Im  o n  C h a r te r h o u s e  T r .  1.
S o d iu m
(p p m )
195
P o ta s  s iu m  
(p p m )
1, 540
M a g n e s iu m
(p p m )
1,120
P h o s p h o ro u s
(p p m )
1, 260
T a b le  5. 3 d e m o n s t r a te s  th a t  th e  s o i l  in  th e  a r e a  o c c u p ie d  b y  M . v e r n a  
a i  th e  l im e s to n e  o u tc r o p  is  r e l a t i v e l y  f in e  in  te x tu r e  a n d  i t  s e e m s  
p r o b a b le  th a t  a s o i l  o f  t h is  t e x t u r e ,  e v e n  o n  one o f  o u tc r o p p in g  l i m e ­
s to n e ,  p r e s e n ts  le s s  d i f f i c u l t y  f o r  c d b n iz in g  s p e c ie s  th a n  th e  c o a rs e  
t e x t u r e d  s u b s t r a te s  o f  s p o i l  h e a p s .
T a b le  5. 3 P a r t i c l e  s iz e  a n a ly s is  o f  s o i l  f r o m  2 m  o n  C h a r te r h o u s e  T r .  1.
C o a r s e
s a n d
4 .1 %
M e d iu m
s a n d
2 .3 ? k
F in e
s a n d
6%
S i l t
4 6 . 3%
C la y
2 2 . 6%
O r g a n ic
c a rb o n
15%
I t  is  c le a r  f r o m  th e  a n a ly s e s  t h a t  M .  v e r n a  d id  n o t  o c c u r  o n  th e  
C h a r te r h o u s e  t r a n s e c t  in  th e  r e g io n  o f  th e  m a x im u m  le a d  c o n c e n t r a t io n s .  
T h e  C a /H M  r a t io s  in  th e  M . v e r n a  a re a  w e r e  b e tw e e n  0. 2 a n d  0. 39 
w h i le  th e  r e m a in d e r  o f  th e  r a t io s  o n  th e  t r a n s e c t  w e re  b e lo w  0. 2 a n d  
i t  is  a p p a r e n t  th a t  M .  v e r n a  d id  n o t  o c c u p y  th e  a r e a  o f  m a x im u m  
t o x i c i t y .  I t  is  u n l i k e l y  th a t  M .  v e r n a  is  e x c lu d e d  f r o m  th e  a re a s  o f  
m a x im u m  t o x i c i t y  b y  e x c e s s iv e  to x ic i ty ,  th e  p H  o f  th e s e  a r e a s  w a s  
a b o v e  7 a n d  th e  s p e c ie s  h a s  b e e n  s h o w n  to  g r o w  in  th e  A a c h e n - L ie g e  
o r e f ie ld  o n  s u b s t r a te s  o f  s i m i l a r  p H  b u t  w i t h  C a /H M  r a t io s  le s s  
th a n  0 . 2 . T h e  one  d is t in g u is h in g  fe a tu r e  o f  th e  p a r t  o f  th e  t r a n s e c t  
l in e  o c c u p ie d  b y  M . v e r n a  w a s  th a t  i t  w a s  a ls o  th e  a r e a  o f  a fo o tp a th  
a n d  w a s  t h e r e fo r e  d is tu r b e d .  I t  a p p e a rs  th a t  o n  th is  t r a n s e c t  e v e n  
th o u g h  h ig h  h e a v y  m e t a l  c o n c e n t r a t io n s  a re  p r e s e n t  M . v e r n a  is  o n ly  
a b le  to  c o m p e te  s u c c e s s fu l ly  in  a p la c e  w h e re  c o m p e t i t io n  f r o m  o th e r  
s p e c ie s  is  r e d u c e d  due to  d is tu r b a n c e  b y  t r a m p l in g .  I t  w a s  o b s e rv e d  
t h a t  in  th e  o n ly  o th e r  p la c e  w h e re  M .  v e r n a  o c c u r r e d  in  a n y  r e la t iv e  
a b u n d a n c e  o n  th e  l im e s t .  ne s c a r p  th e r e  w a s  a ls o  a fo o tp a th .
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T h e  a p p a r e n t  s u c c e s s  o f  th e  c o m p e t i t o r s  o f  M .  v e r n a ,  F e s tu c a  c y in a .  
P la n ta g o  la n c e o la ta , T h y m u s  d r u c e i  a n d  C a m p a n u la  r o t u n d i f o l ia  
a m o n g s t  o th e r s ,  o n  th e  to x ic  s o i ls  o f  th e  l im e s to n e  s c a r p  do e s  n o t 
s e e m  to  be r e la t e d  to  th e  s o i l  h a v in g  a b e t t e r  n u t r ie n t  s ta tu s  th a n  
s p o i l  h e a p s , p h o s p h o ro u s  a n d  p o ta s s iu m  a r e  p r e s e n t  in  th e  s o i l  in  
a m o u n ts  s i m i l a r  to  th o s e  o f  c a lc a r e o u s  s p o i l .  T h e  m a jo r  d i f fe r e n c e  
b e tw e e n  th e  s p o i l  o f  s p o i l  h e a p s  a n d  th e  s o i l  o f  t h is  s c a r p  is  one o f  
t e x t u r e ,  th e  s c a r p  s o i l  c o n ta in s  m u c h  s i l t  a n d  c la y ,  a n d  i t  m a y  be 
t h a t  e d a p h ic  c o n d it io n s  a re  n o t  as s e v e re  as  o n  s p o i l  h e a p s  w i t h  
c o r r e s p o n d in g  b e n e f i t  to  th e  c o m p e t i t o r s  o f  M .  v e r n a .
S to c k  H i l l
A s  a t  S h ip h a m  th e  s p o i l  h e re  is  d e r iv e d  f r o m  th e  D o lo m i t ic  C o n g lo m e ra te .  
T o  th e  s o u th  o f  th e  s m a l l  la k e  a t S to c k  H i l l  M in u a r t ia  v e r n a  a n d  S ile n e  
m a r i t im a  o c c u r  in  a fe w  p la c e s  in  th e  d is tu r b e d  a re a .  In  th is  r e g io n  
t h e r e  a p p e a rs  to  h a v e  b e e n  c o n s id e r a b le  d is tu r b a n c e  in  th e  c o u rs e  o f  
m in in g  b u t  th e  s p o i l  h e a p s  a re  f o r  th e  m o s t  p a r t  c o m p le te ly  v e g e ta te d  
b y  a c o m m u n i t y  in v o lv in g  M o l in ia  c a e r u le a , C a l lu n a  v u lg a r is  ( L .  ) H u l l ,  
F e s tu c a  o v in a ,  H o lc u s  la n a tu s  a n d  o th e r  s p e c ie s .
O ne  is o la t e d  s i te  w a s  fo u n d  w h e re  M .  v e rn a  o c c u r r e d  w i t h  S. r h a r i t im a  
o n  u n s ta b le  s p o i l  s lo p in g  a t  2 9 ° .  T h e  le a d  le v e l  in  th is  m a t e r i a l  w a s  
6 8 , 500 p p m . T h e  m a jo r  o c c u r r e n c e ,  h o w e v e r ,  w a s  o n  a s p o i l  h e a p  
a b o u t  2 3 m  in  d ia m e te r ,  a s y m m e t r ic a l  in  c r o s s  s e c t io n ,  w i t h  a s lo p e  
u p  f r o m  th e  s o u th  o f  4 . 5 °  a n d  a s lo p e  d o w n  to  th e  n o r t h  o f  11°.
M .  v e r n a  w a s  r e s t r i c t e d  to  a s m a l l  a r e a  b e tw e e n  18m  a n d  2 2 m  o n  th e  
m o r e  s te e p ly  s lo p in g  n o r t h  s id e  w h i le  S. m a r i t im a  w a s  g e n e r a l ly  
p r e s e n t .  A s  T a b le  5 .4  s h o w s  le a d  c o n c e n t r a t io n s  w e re  h ig h  a c r o s s  
m o s t  o f  th e  s p o i l  h e a p  w h i le  z in c  le v e ls  a r e  lo w .  T h e  c a lc iu m  c o n ­
c e n t r a t io n  a t  Im  is  a n o m a lo u s ,  a le v e l  o f  a ro u n d  35 , 000 p p m  is  
n o r m a l .
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T a b le  5. 4 H e a v y  m e ta l  a n d  c a lc iu m  c o n c e n t r a t io n s ,  C a /H M  r a t io s ,  
o r g a n ic  c a r b o n  c o n te n ts  a n d  p H  v a lu e s  a t  in t e r v a ls  a lo n g  
S to c k  H i l l  T r .  1.
S a m p le
d is ta n c e
L e a d
iP P /P .)
Z in c C a lc iu m
(p p m )
C a /H M O r g a n ic
c a rb o n
pH
I m 8 0 ,8 0 0 8 , 800 65 , 370 0 . 76 10. 3% 7 ,1
7 m 6 2 ,9 0 0 8, 000 3 5 , 000 0 , 52 7 ,0 % 7 .2
1 3 m 5 8 ,5 0 0 7 , 700 3 7 ,4 0 0 0 , 56 4 . 1% 6 .9
1 9m 9 5 , 000 10, 300 3 5 , 000 0. 35 3,3?& 7 . 3
2 3 m 8 5 ,2 0 0 9 , 400 36 , 850 0. 41 4. 5% 7 . 3
T h e  s a m p le  f r o m  19m  ( T a b le  5. 4) is  w i t h in  th e  M . v e r n a  a r e a  a n d  
a p p e a rs  f r o m  th e  C a /H M  r a t io  to  be th e  m o s t  t o x ic .  L e a d ,  z in c  a n d  
c a lc iu m  d e te r m in a t io n s  w e re  m a d e  a t  2 m  in t e r v a ls  a lo n g  th e  t r a n s e c t  
l in e  a n d  t h e r e f o r e  12 C a /H M  v a lu e s  a re  a v a i la b le  f o r  th e  t r a n s e c t  l in e .
O f  th e s e  10 w e r e  w i t h in  th e  ra n g e  0 . 4 to  0 . 8 a n d  w e re  f r o m  s p o i l  o u ts id e  
th e  a r e a  o c c u p ie d  b y  M . v e r n a . T h e  o th e r  tw o  C a /H M  v a lu e s  f r o m  
w i t h in  th e  M .  v e r n a  a r e a  b o th  s h o w e d  a r a t i o  o f  0 . 3 8 . I t  is  c le a r  th a t  
th e  d i s t r i b u t i o n  o f  M . v e r n a  o n  t h is  t r a n s e c t  l in e  c o r r e s p o n d s  to  th e  
a r e a s  o f  h ig h e s t  t o x i c i t y  as  d e te r m in e d  b y  th e  C a /H M  r a t io .
T a b le  5. 5 S o d iu m , p o ta s s iu m ,  m a g n e s iu m  a n d  p h o s p h o ro u s  d e t e r m in ­
a t io n s  f r o m  S to c k  H i l l  T r ,  1.
S a m p le  S o d iu m  P o ta s s iu m  M a g n e s iu m  P h o s p h o ro u s
d is ta n c e  (p p m ) (p p m )  (p p m )   (p p m )________
7 m  480  1 ,7 0 5  1 ,190  920
19 m  3 2 5  1, 400  1 ,8 0 0  900
T h e  f u r t h e r  a n a ly s e s  f o r  th e  t r a n s e c t  l in e  s h o w n  o n  T a b le  5. 5. s u g g e s t 
th a t  th e r e  a r e  n o  m a jo r  d i f f e r e n c e s  in  th e  im p o r t a n t  n u t r ie n t s  
p o ta s s iu m  a n d  p h o s p h o ro u s  b e tw e e n  th e  19m  a r e a  w h e re  M . v e r n a  
o c c u r s  a n d  th e  7 m  r e g io n  w h e re  i t  d o e s  n o t a n d  i t  s e e m s  to  be the  
c a s e  o n  th e  b a s is  o f  th e  a n a ly s is  a v a i la b le  th a t  M .  v e r n a  o c c u r s  in  th e  
a r e a  b e tw e e n  18m  a n d  2 2 m  due to  th e  h ig h  t o x i c i t y  o f  th e  s p o i l  a n d  th e  
c o n s e q u e n t  s u p p r e s s io n  o f  c o m p e t i t io n  f r o m  o th e r  s p e c ie s .
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T h e  o n l y  p a r a m e t e r  a n a l y s e d  f o r  w h i c h  a p p e a r s  to  v a r y  c o n s i d e r a b l y  
a lo n g  th e  t r a n s e c t  l i n e  i s  o r g a n i c  c a r b o n .  A s  T a b le  5, 4 s h o w s  o r g a n i c  
c a r b o n ,  w i t h  th e  e x c e p t i o n  o f  th e  s a m p le  f r o m  1 3m , i n c r e a s e s  w i t h  
a n  i n c r e a s e  i n  th e  C a / H M  r a t i o ,  t h a t  i s  i t  i n c r e a s e s  w i t h  d e c r e a s in g  
t o x i c i t y .  O r g a n i c  ca rbon  a n d  th e  C a / H M  r a t i o  s h o w  a c o r r e l a t i o n  i n  
th e s e  f i v e  s a m p le s  o f  0. 89 ,  s i g n i f i c a n t  a t  th e  5% l e v e l .  T h i s  
c o r r e l a t i o n  s u g g e s ts  t h a t  w i t h  d e c r e a s i n g  t o x i c i t y  t h e r e  i s  a n  i n c r e a s e  
i n  th e  r a t e  o f  a c c u m u l a t i o n  o f  o r g a n i c  m a t t e r  i n  the  s p o i l ,  a s s u m in g ,  
a n d  i t  s e e m s  r e a s o n a b le  to  do  so , t h a t  a l l  th e  s p o i l  on  the  h e a p  is  o f  
a p p r o x i m a t e l y  th e  s a m e  a g e .  O d u m  (197 5) h a s  i n d i c a t e d  t h a t  i n  th e  
p r o c e s s  o f  s u c c e s s i o n  th e  a m o u n t  o f  n o n l i v i n g  o r g a n i c  m a t t e r  i n  a n  
e c o s y s t e m  i n c r e a s e s  a n d  i t  w o u ld  s e e m  to  f o l l o w  f r o m  t h i s ,  a s s u m in g  
t h a t  th e  s p o i l  o f  t h i s  h e a p  i s  o f  u n i f o r m  a g e ,  t h a t  th e  l o w e r  the  
t o x i c i t y  th e  g r e a t e r  th e  r a t e  o f  s u c c e s s io n .
T a b le  5. 5 s h o w s  t h a t  th e  s p o i l  a t  S to c k  H i l l  i s  v e r y  c o a r s e  i n  t e x t u r e .
O f  a l l  th e  s p o i l  h e a p  s a m p le s  a n a l y s e d  f o r  p a r t i c l e  s iz e  i n  the  c o u r s e  
o f  t h i s  s t u d y  t h i s  p a r t i c u l a r  one h a s  th e  c o a r s e s t  t e x t u r e .
T a b le .  5. 5 P a r t i c l e  s i z e  a n a l y s i s  o f  s p o i l  f r o m  2 0 m  on  S to c k  H i l l  T r .  1.
C o a r s e  M e d i u m  F i n e  S i l t  C l a y  O r g a n i c
s a n d  s a n d  s a n d      c a r b o n
4 2 .1 %  1 4 .9 %  8 .1%  18 .7 %  7 .6 %  2 .9 %
5. 4______ T h e  m e t a l l i f e r o u s  a r e a s  a n d  th e  i n d i c a t o r  s p e c ie s  i n  th e  M e n d ip s
T h e  a r e a s  o c c u p ie d  b y  th e  i n d i c a t o r  s p e c ie s  i n  th e  M e n d ip s  a r e  v e r y  
r e s t r i c t e d  i n  e x t e n t .  T h e  s p o i l  h e a p s  a t  S h ip h a m  a r e  a l m o s t  c o m p l e t e l y  
v e g e t a t e d  a n d  th e  i n d i c a t o r s  o n l y  s u r v i v e  i n  d i s t u r b e d  h a b i t a t s .  D i s ­
t u r b a n c e  a l s o  a p p e a r e d  to  be  i m p o r t a n t  i n  r e l a t i o n  to  th e  o c c u r r e n c e  
o f  M .  v e r n a  o n  C h a r t e r h o u s e  T r .  1. A t  b o th  C h a r t e r h o u s e  a n d  S to c k  
H i l l  l e a d  c o n c e n t r a t i o n s  w e r e  g e n e r a l l y  v e r y  h ig h  a n d  C a / H M  r a t i o s  
w e r e  lo w .  A l t h o u g h  C a / H M  r a t i o s  w e r e  h i g h e r  i n  th e  s p o i l  o n  w h i c h  
th e  i n d i c a t o r  p la n t s  g r e w  a t  S h ip h a m  t h e y  w e r e  n o t  m u c h  h i g h e r .  O n
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a n a t i o n a l  b a s i s  le a d  c o n c e n t r a t i o n s  i n  th e  s u b s t r a t e s  a t  C h a r t e r h o u s e  
a n d  S to c k  M i l l  a r e  h ig h  a n d  C a / H M  r a t i o s  a r e  l o w  a n d  i t  s e e m s  p r o b a b le  
t h a t  m u c h  o f  th e  s p o i l  i n  th e  o r e f i e l d  c a n n o t  h a v e  b e e n  so t o x i c .  A  fe w  
s a m p le s  f r o m  S h ip h a m  f r o m  p a r t s  o f  th e  t r a n s e c t  w h e r e  the  i n d i c a t o r  
s p e c ie s  d id  n o t  o c c u r  p r o v i d e  e v id e n c e  o f  the  e x i s t e n c e  o f  s p o i l  o f  
l o w e r  t o x i c i t y .
I t  a p p e a r s  f r o m  th e  c o r r e l a t i o n  b e tw e e n  th e  o r g a n i c  c a r b o n  c o n te n t  
a n d  th e  C a / H M  r a t i o  o f  th e  s p o i l  a t  S to c k  H i l l  t h a t  th e  r a t e  o f  s u c c e s s io n  
i s  r e l a t e d  to  th e  t o x i c i t y  o f  the  s p o i l  a n d  a l t h o u g h  th e  h y p o t h e s is  h a s  
n o t  b e e n  t e s t e d  i t  s e e m s  p r o b a b le  t h a t  h e a v y  m e t a l  c o n c e n t r a t i o n s  a n d  
t o x i c i t y  a r e  l o w e r  i n  th e  s p o i l  b e n e a th  th e  w i d e s p r e a d  a r e a s  o f  
c o m p l e t e l y  v e g e t a t e d  w a s te  h e a p s  i n  th e  M e n d ip s .  T h u s  i t  s e e m s  
l i k e l y  t h a t  i n  th e  p e r i o d  o f  a t  l e a s t  150 y e a r s  s in c e  th e  e n d  o f  m i n i n g  
i n  th e  a r e a  h e a v y  m e t a l  t o x i c i t y  h a s  f a i l e d  to  p r e v e n t  e x te n s iv e  
s u c c e s s i o n  o n  m o s t  o f  th e  s p o i l  h e a p s  i n  th e  M e n d ip s .
I n  the  M e n d ip  o r e f i e l d  M i n u a r t i a  v e r n a  i s  a b s e n t  f r o m  S h ip h a m  a n d  
f r o m  th e  a r e a s  o f  N in e t e e n t h  C e n t u r y  s la g  a t  C h a r t e r h o u s e .  T h i s  s la g  
h a s  a l o w  p H  a n d  i t  a p p e a r s  p r o b a b le  t h a t ,  as  i n  th e  A a c h e n - L i e g e  
o r e f i e l d ,  M .  v e r n a  i s  a b s e n t  f r o m  i t  due to  e x c e s s i v e  t o x i c i t y .  T h e  
a b s e n c e  o f  M .  v e r n a  f r o m  S h ip h a m ,  h o w e v e r ,  i s  th e  m a j o r  a n o m a ly  
o f  th e  d i s t r i b u t i o n  o f  th e  s p e c ie s  i n  th e  M e n d ip s .  T h e  c a l c i u m  l e v e l s  
a n d  p H  o f  th e  s a m p le  o f  u n v e g e ta te d  s p o i l  f r o m  S h ip h a m  a r e  a b o u t  
th e  s a m e  as  t h o s e  i n  s p o i l  on  w h i c h  th e  s p e c ie s  o c c u r s  a t  S to c k  H i l l  
a n d  a l t h o u g h  th e  S h ip h a m  s p o i l  i s  o f  f i n e r  t e x t u r e  th a n  th a t  a t  S to c k  
H i l l ,  t h i s ,  i n  i t s e l f ,  i s  u n l i k e l y  to  be  a f a c t o r  p r e v e n t i n g  th e  g r o w t h  
o f  M . v e r n a  t h e r e .  T h e  m a j o r  d i f f e r e n c e s  b e tw e e n  th e  tw o  l o c a l i t i e s  
a r e  o f  h e a v y  m e t a l  c o n c e n t r a t i o n  a n d  t y p e ,  the  p r e d o m i n a n t  l e a v y  
m e t a l  a t  S h ip h a m  is  z i n c ,  l e s s  t o x i c  a n d  p r e s e n t  i n  l o w e r  c o n c e n ­
t r a t i o n s  th a n  th e  le a d  a t  S to c k  H i l l ,  T h e  C a / H M  r a t i o s  a t  S h ip h a m  
w e r e  a l l  a b o v e  0. 4 a n d  m o s t  w e r e  abo tre  0. 5 w h i l e  a t  S to c k  H i l l  a n d  
C h a r t e r h o u s e  M .  v e r n a  w a s  o n l y  f o u n d  a s s o c ia t e d  w i t h  s u b s t r a t e s
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•w ith  C a / H M  r a t i o s  b e lo w  0. 4. T h e  e v id e n c e  s u g g e s ts  t h a t  M .  v e r n a  
i s  a b s e n t  f r o m  S h ip h a m  due to  e x c e s s i v e  c o m p e t i t i o n  f r o m  o t h e r  
s p e c ie s  r e l a t e d  to  i n s u f f i c i e n t  t o x i c i t y  i n  th e  s p o i l .  T h e  r e l a t i v e l y  
f i n e r  t e x t u r e  o f  th e  s p o i l  a t  S h ip h a m  w i l l  p r o b a b l y  be  a f u r t h e r  f a c t o r  
o p e r a t i n g  i n  f a v o u r  o f  th e  c o m p e t i t o r s  o f  M .  v e r n a .
S i le n e  m a r i t i m a  a n d  T h l a s p i  a lp e  s t r e  w e r e  b o th  p r e s e n t  on  th e  s la g  a t  
C h a r t e r h o u s e  a n d  s e e m  to  be  t o l e r a n t  o f  th e  h ig h  t o x i c i t y  a s s o c ia t e d  
w i t h  th e  l o w  p H  o f  t h i s  m a t e r i a l .  S. m a r i t i m a  i s  p r e s e n t  a t  a l l  s i t e s  
i n  th e  M e n d ip s  a n d  i s  n o r m a l l y  th e  m o s t  a b u n d a n t  i n d i c a t o r  p l a n t  i n  
th e  m e t a l l i f e r o u s  l o c a l i t i e s .  T h i s  s p e c ie s  i n  th e  M e n d ip s  a p p e a r s  to  
p o s s e s s  a b r o a d  e c o l o g i c a l  t o l e r a n c e  a n d  a n  a b i l i t y  to  be m o r e  
c o m p e t i t i v e  a t  l o w e r  t o x i c i t i e s  th a n  M .  v e r n a . T .  a l p e s t r e  w a s  a b s e n t  
f r o m  th e  l i m e s t o n e  o u t c r o p  a t  C h a r t e r h o u s e  a n d  f r o m  th e  s p o i l  a t  
S t o c k  H i l l .  O n  th e  b a s i s  o f  th e  a n a l y s i s  a v a i l a b l e  h e r e  th e  r e a s o n s  
f o r  t h i s  a r e  n o t  a p p a r e n t .
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C H A P T E R  6 
T H E  S O U T H E R N  P E N N I N E S
6. I_______ I n t r o d u c t i o n
T h e  m i n e r a l i s a t i o n s  o f  th e  S o u th e r n  P e n n in e s  a r e  c o n f in e d  to  the  
r e g i o n  o f  th e  C a r b o n i f e r o u s  L i m e s t o n e  o u t c r o p .  T h e  C a r b o n i f e r o u s  
L i m e s t o n e  i n  the  a r e a  is  c o m p o s e d  o f  c r i n o i d a l  a n d  s h e l l y  l i m e s t o n e  
w i t h  o c c a s i o n a l  r e e f s .  I g n e o u s  r o c k s  o c c u r  l o c a l l y  a n d  a r e  b e l i e v e d  
to  be the  r e s u l t  o f  v o l c a n i c  a c t i v i t y  o n  th e  f l o o r  o f  th e  C a r b o n i f e r o u s  
s e a .  T h e  ig n e o u s  r o c k s  a r e  m a i n l y  v e s i c u l a r  la v a s  and  a r e  k n o w n  
l o c a l l y  as  t o a d s to n e s .
T h e  C a r b o n i f e r o u s  L i m e s t o n e  i n  th e  S o u th e r n  P e n n in e s  w a s  f o ld e d ,  
a lo n g  w i t h  o v e r l y i n g  C a r b o n i f e r o u s  r o c k s ,  d u r i n g  th e  p e r i o d  o f  the  
A r m o r i c a n  o r o g e n y .  T h e  D e r b y s h i r e  a r e a  w a s  to  th e  n o r t h  o f  th e  
A r m o r i c a n  f o r e l a n d ,  r o u g h l y  th e  r e g i o n  o f  th e  M e n d ip s ,  a n d  the  
f o l d i n g  w a s  i n  c o n s e q u e n c e  n o t  p a r t i c u l a r l y  in t e n s e .  T h e  g e n e r a l  
s t r u c t u r e  o f  th e  A r m o r i c a n  f o l d i n g  i n  th e  s o u t h e r n  P e n n in e s  ta k e s  
th e  f o r m  o f  a b r o a d ,  a s y m m e t r i c a l  f o l d  k n o w n  as  the  D e r b y s h i r e  
D o m e  w h i c h  i s  e lo n g a te d  f r o m  n o r t h  to  s o u th .  T h e  e a s t e r n  l i m b  o f  
th e  f o l d  d ip s  m o r e  g e n t l y  t h a n  t h a t  i n  th e  w e s t ,  th e  l a t t e r  d ip s  s t e e p l y  
b e l o w  th e  r o c k s  o f  th e  M i l l s t o n e  G r i t  a n d  C o a l  M e a s u r e s .  N u m e r o u s  
s m a l l  f o l d s ,  g e n e r a l l y  a l i g n e d  f r o m  e a s t  to  w e s t  a r e  s u p e r im p o s e d  
u p o n  t h i s  m a j o r  n o r t h  t o  s o u th  t r e n d in g  s t r u c t u r e  ( W r a y  e t  a l ,  1954).
T h e  D e r b y s h i r e  D o m e  w a s  s u b s e q u e n t l y  c o v e r e d  b y  s e d im e n t s  o f  
J u r a s s i s  a n d  C r e t a c e o u s  age  a n d  i t  a p p e a r s  p r o b a b le  t h a t  the  
d r a in a g e  s y s t e m  o f  th e  a r e a  h a s  b e e n  s u p e r im p o s e d  f r o m  a 
C r e t a c e o u s  s u r f a c e .
T h e  l im e s t o n e  p la t e a u  o f  D e r b y s h i r e  a n d  a s m a l l  a r e a  o f  n o r t h  
e a s t e r n  S t a f f o r d s h i r e  v a r i e s  i n  a l t i t u d e  b e tw e e n  3 0 0 m  i n  the  s o u th  
a n d  3 6 0 m  in  th e  n o r t h  a n d  is  d e e p ly  d i s s e c t e d  b y  a n u m b e r  o f  r i v e r
125
v a l l e y s ,  th e  d a le s .  I t  a p p e a r s  p r o b a b le  t h a t  the  l im e s t o n e  p la te a u  
r e p r e s e n t s  a n  e r o s i o n  s u r f a c e  d e v e lo p e d  i n  P l i o c e n e  t i m e s  a n d  s in c e  
u p l i f t e d  ( E d w a r d s ,  1962). T h e  d e e p ly  i n c i s e d  r i v e r  v a l l e y s  w h i c h  
t r a v e r s e  th e  p la t e a u  a n d  the  h e a d s  o f  w h i c h  a r e  n o w  o f t e n  d r y  p r o b a b l y  
d e v e lo p e d  d u r i n g  th e  P le i s t o c e n e  p e r i o d  w h e n  s u b t e r r a n e a n  d r a in a g e  
i n  th e  l im e s t o n e  w a s  i m p o s s i b l e  due to  p e r i g l a c i a l  c o n d i t i o n s .  T h e  
r e g i o n ,  h o w e v e r ,  n e v e r  a p p e a r s  to  h a v e  b e e n  g l a c i a t e d  to  a n y  
a p p r e c i a b l e  e x te n t  a l t h o u g h  i t  i s  b e l i e v e d  t h a t  i c e  f r o m  th e  I r i s h  Sea 
p u s h e d  t h r o u g h  th e  D o v e  H o le s  a r e a  to  e n t e r  th e  t r i b u t a r y  v a l l e y s  o f  
th e  D e r w e n t  ( E d w a r d s ,  1962). S m a l l  p o c k e t s  o f  t i l l  a r e  fo u n d  in  
p la c e s  o n  th e  p la t e a u  s u r f a c e  ( C la p h a m ,  1969).
T h e  c l i m a t e  o f  th e  l im e s t o n e  r e g i o n  i s  an  u p la n d  one a n d  r e l a t i v e l y  
s e v e r e .  B u x t o n  a t  a n  a l t i t u d e  o f  3 0 7 m  has  a J a n u a r y  m e a n  o f  2 . 2 ° C  
a n d  a J u l y  m e a n  o f  14. 2 ° C .  T h e  m e a n  a n n u a l  p r e c i p i t a t i o n  f o r  B u x t o n  
f r o m  1881 to  1915 w a s  1229 m m  a n d  t h i s  f i g u r e  s e e m s  to  be o f  
g e n e r a l  a p p l i c a b i l i t y  f o r  m u c h  o f  th e  l im e s t o n e  p la te a u .  S n o w  f a l l s  
i n  th e  a r e a  a r e  o f t e n  q u i t e  h e a v y .  L o w  c lo u d  o v e r  th e  p la t e a u  is  
f r e q u e n t  a n d  s u n s h in e  a m o u n t s  a r e  g e n e r a l l y  lo w ,  B u x t o n  w i t h  an  
a v e r a g e  o f  3. 3 h o u r s  e a c h  d a y  o v e r  the  y e a r  r e c e i v e s  o n l y  27% o f  
th e  t o t a l  p o s s i b l e .  H o t  s p e l l s  h o w e v e r  do o c c u r  a t  t im e s  a n d  the  
m e a n s  o f  th e  m o n t h l y  m a x i m a  a t  B u x t o n  e x c e e d  21°C f r o m  M a y  to 
S e p t e m b e r  ( C la p h a m ,  1969).
B r o w n  e a r t h  a p p e a r s  to  be  th e  m o s t  i m p o r t a n t  s o i l  o f  the  p la t e a u  a n d  
B r i d g e s  (1966) h a s  m a p p e d  the  N o r d r a c h  s e r i e s  i n  the  W i r k s w o r t h  
a r e a  a n d  s u g g e s ts  t h a t  i t  m a y  be m o r e  e x te n s iv e  to  th e  n o r t h  a n d  
w e s t .  T h i s  s o i l  s e r i e s  is  f o r m e d  i n  a s i l t y  d r i f t  o f  c o m p o s i t e  
o r i g i n .  P i g o t t  (1962) h a s  d e m o n s t r a t e d  th a t  m u c h  o f  th e  s o i l  m a t e r i a l  
i s  n o t  d e r i v e d  f r o m  th e  u n d e r l y i n g  l i m e s t o n e  a n d  a n  a e o l i a n  o r i g i n  
i s  s u g g e s te d .  T h i s  l o e s s i a l  m a t e r i a l  h a s  b e e n  s h o w n  b y  P i g o t t  (1962) 
t o  be  i n t i m a t e l y  m i x e d  b y  c r y o t u r b a t i o n  w i t h  s o lu t i o n  p r o d u c t s  o f  the  
l i m e s t o n e .  T h e  s o i l s  a r e  f r e e l y  d r a i n e d  a n d  g e n e r a l l y  a c id  t h r o u g h o u t  
th e  p r o f i l e  a n d  a r e  m a i n l y  u n d e r  p e r m a n e n t  o r  t e m p o r a r y  g r a s s la n d .
I n  th e  W i r k s w o r t h  a r e a ,  a c c o r d i n g  to  B r i d g e s  (1966), the  N o r d r a c h  
s e r i e s  m e r g e s  in t o  th e  L u i s  g a te  s e r i e s ,  a m o r e  c a l c a r e o u s  s o i l ,  on  
s te e p e r  s lo p e s .
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A s  p o in t e d  o u t  a b o v e  l a r g e  a r e a s  o f  the  l i m e s t o n e  a r e  u n d e r  s o m e  f o r m  
o f  g r a s s l a n d .  W h e re  s o i l s  a r e  t h i n ,  c a l c i o l e  s p e c ie s  a r e  p r e s e n t  b u t  
o v e r  m o s t  a r e a s  o f  th e  l i m e s t o n e  w h e r e  th e  s o i l s  a r e  s o m e w h a t  d e e p e r  
a n d  m o r e  le a c h e d  an  a s s o c i a t i o n  o f  c a l c i o l e  a n d  c a l c i f u g e  s p e c ie s  is  
m o r e  n o r m a l .  I n  p la c e s  th e  s o i l s  o v e r  th e  l im e s t o n e  a r e  s u f f i c i e n t l y  
l e a c h e d  to  s u p p o r t  a l i m e s t o n e  h e a th  c o m m u n i t y  i n v o l v i n g  m o s t  
d e f i n i t e l y  c a l c i f u g e  s p e c ie s  s u c h  as  C a l l u n a  v u l g a r i s  ( E d w a r d s ,  1962).
F o r e s t  i n  th e  a r e a  i s  m a i n l y  c o n f in e d  to  th e  d a le s  w h e r e  a s h ,  F r a x i n u s  
e x c e l s i o r  L .  , i s  th e  i m p o r t a n t  t r e e .  T h e  w o o d la n d s  o f  th e  d a le s  
a p p e a r  to  be th e  r e m n a n t s  o f  a o nce  m o r e  w i d e s p r e a d  f o r e s t  w h i c h  
c o v e r e d  m u c h  o f  th e  l im e s t o n e  p la t e a u .  T h e  c le a r a n c e  o f  t h i s  f o r e s t  
b e g a n  i n  N e o l i t h i c  t i m e s  a n d  w a s  a t  i t s  m o s t  r a p i d  i n  the  S a x o n  
p e r i o d  ( E d w a r d s ,  1962).
T h e  m o s t  i m p o r t a n t  m i n e r a l  i n  th e  D e r b y s h i r e  o r e f i e l d  w a s  le a d  o r e  
i n  th e  f o r m  o f  g a le n a .  I n  th e  s o u th  w e s t  h o w e v e r  c o p p e r  w a s  w o r k e d  
i n  l a r g e  q u a n t i t y  a t  th e  m in e  a t  E c t o n  H i l l  a n d  f o r  a p e r i o d  t h i s  m in e  
w a s  th e  l a r g e s t  p r o d u c e r  o f  c o p p e r  i n  th e  c o u n t r y .  T h e  le a d  o c c u r r e d  
i n  v e r t i c a l  f i s s u r e s  i n  the  l i m e s t o n e ,  k n o w n  l o c a l l y  as  r a k e s ,  a n d  
t h e s e  n o r m a l l y  h a v e  a m o r e  o r  l e s s  e a s t  w e s t  t r e n d .  I n  p la c e s  le a d  
w a s  a l s o  f o u n d  d e p o s i t e d  i n  p ip e s  o r  f l a t s ,  th e  l a t t e r  b e in g  e s s e n t i a l l y  
a  l a t e r a l  e x t e n s io n  o f  a v e i n  a lo n g  a b e d d in g  p la n e  i n  th e  l i m e s t o n e .
Z i n c  b le n d e  a c c o m p a n ie d  th e  g a le n a  in  v a r y i n g  p r o p o r t i o n s  and  
f l u o r s p a r ,  c a l c i t e  a n d  b a r y t e s  w e r e  i m p o r t a n t  g a n g u e  m i n e r a l s .
L e a d  w a s  w o r k e d  i n  the  D e r b y s h i r e  a r e a  f r o m  R o m a n  t i m e s  a n d  
p r o d u c t i o n  r e a c h e d  i t s  p e a k  b e tw e e n  17 50 a n d  1800, d e c l i n i n g  s t e a d i l y  
t h e r e a f t e r .  A  f e w  m i n e s  w o r k e d  on  in to  t h i s  c e n t u r y .
I n  c o n t r a s t  t o  th e  m i n e r a l  f i e l d s  o f  th e  N o r t h e r n  P e n n in e s  the  
D e r b y s h i r e  m in e s  w e r e  n e v e r  w o r k e d  b y  l a r g e  m i n i n g  c o m p a n ie s  
( R a i s t r i c k  a n d  J e n n in g s ,  1965 ). T h e  n o r m a l  m o d e  o f  o p e r a t i o n  w a s  
m i n i n g  b y  i n d i v i d u a l s  o r  s m a l l  g r o u p s .  T h e  o n l y  m a t t e r  o f  l a r g e  
s c a le  c o - o p e r a t i o n  a p p e a r s  to  h a v e  b e e n  i n  th e  d ig g in g  o f  s o u g h s ,  
l o n g  u n d e r g r o u n d  d r a in a g e  c h a n n e ls  to  a c o n v e n ie n t  d a le ,  w h i c h  
w e r e  nee.ded to  d r a i n  th e  w o r k i n g s .
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A  f e a t u r e  o f  th e  o r e f i e l d  a t  th e  p r e s e n t  d a y  is  th e  e x te n s iv e  w o r k i n g  
o f  th e  w a s te  m a t e r i a l s  l e f t  b y  the  o ld  m i n e r s .  F l u o r s p a r  a n d  b a r y t e s  
a r e  i n  d e m a n d  i n d u s t r i a l l y  a n d  i t  a p p e a r s  to  be c o m m e r c i a l l y  v ia b le  
t o  t r a n s p o r t  a w a y  s p o i l  a n d  to  e x c a v a te  th e  w o r k e d  o u t  r a k e s .  T h is  
i s  o c c u r r i n g  a t  M a g p ie  M i n e ,  a t  L o n g  R a k e  a n d  i n  th e  C a s t le  to n  
a r e a  a n d  w h i l e  la n d  is  b e in g  r e c l a i m e d  b y  s u c h  m e a n s  the  r e m o v a l  
o f  th e  m e t a l l i f e r o u s  s p o i l  n e c e s s a r i l y  i n v o l v e s  a lo s s  o f  h a b i t a t  f o r  
tire i n d i c a t o r  s p e c ie s .
6 . 2______ I n v e s t i g a t i o n s  a t  i n d i c a t o r  p la n t  l o c a l i t i e s  i n  the  S o u th e r n  P e n n in e s
T h e  m i n e r a l i s e d  a r e a s  i n  D e r b y s h i r e  a n d  S t a f f o r d s h i r e  h a v e  b e e n  
e x p l o r e d  t h o r o u g h l y  b y  g e n e r a t i o n s  o f  m i n e r s  a n d  n o  u n d i s t u r b e d  
m i n e r a l i s a t i o n s  w i t h  i n d i c a t o r  p la n ts  w e r e  lo c a t e d  i n  th e  c o u r s e  o f  
th e  s tu d y .  T h r e e  a r e a s  w e r e  i n v e s t i g a t e d  b y  t r a n s e c t  l i n e s  a n d  s p o t  
s a m p le s  w e r e  t a k e n  o f  s p o i l  m a t e r i a l  f r o m  h e a p s  e l s e w h e r e .  The  
t r a n s e c t s  w i l l  be d e s c r i b e d  f i r s t .  F i g .  6 .1  s h o w s  the  l o c a t i o n  o f  the 
v a r i o u s  s i t e s  m e n t i o n e d  i n  th e  t e x t .
T h e  R i v e r  B r a d f o r d
T h e  t r a n s e c t  h e r e  ( T r .  1) w a s  s i t u a t e d  in  th e  v a l l e y  o f  th e  R i v e r  
B r a d f o r d  j u s t  to  th e  e a s t  o f  A l p o r t .  T h e  v a l l e y  h e r e  i s  q u i t e  d e e p ,  
h a s  a  f l a t  f l o o r  a n d  s te e p  s id e s  a n d  is  r e l a t i v e l y  s h e l t e r e d ,  the  
c l i m a t i c  c o n d i t i o n s  a r e  n o t  as  s e v e r e  as o n  the  m o r e  e x p o s e d  p la t e a u  
s u r f a c e .  T h e  a r e a  c o v e r e d  b y  s p o i l  w a s  c lo s e  to  th e  r i v e r  a n d  m a y  
be  s u s c e p t i b l e  to  f l o o d in g  a t  t i m e s  o f  v e r y  h ig h  w a t e r  l e v e l .  T h e  s p o i l  
s u r f a c e  w a s  g e n e r a l l y  f l a t  a n d  the  s p o i l  w a s  s p r e a d  o v e r  a w id e  
a r e a  o f  th e  v a l l e y  f l o o r  r a t h e r  th a n  b e in g  p i l e d  u p  in  h e a p s  a n d  w a s  
o f  a r a t h e r  m o r e  r e d d i s h  c o l o u r  th a n  m a n y  s p o i l s  i n  th e  D e r b y s h i r e  
o r e f i e l d .  T h e  v e g e t a t i o n  o n  th e  s p o i l  w a s  g r a z e d  b y  c a t t l e  a n d  in  
p la c e s  th e  s p o i l  h a d  b e e n  e x c a v a te d  b y  r a b b i t s  a n d  t h e r e f o r e ,  a l t h o u g h  
th e  s i t e  w a s  g e n e r a l l y  s t a b le ,  t h e r e  w e r e  a r e a s  o f  l o c a l  d i s t u r b a n c e .
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T h e  m i n i n g  w a s te  h e r e  i s  p r o b a b l y  d e r i v e d  f r o m  th e  w o r k i n g  o f  v e in s  
i n  th e  A l p o r t  m i n i n g  f i e l d ,  e x c a v a t io n s  v /e re  v i s i b l e  a m i d s t  the  t r e e s  
o n  the  h i l l s i d e  to  the  s o u th  o f  th e  r i v e r .  C a r r u t h e r s  a n d  S t r a h a n  
(1923) s ta te  t h a t  the  l a s t  o f  th e  w o r k i n g s  i n  the  A l p o r t  a r e a  b e c a m e  
i d l e  a b o u t  1890 so i t  m a y  be  t h a t  th e  s p o i l  h e r e  i s  n o t  as  o ld  as th a t  
o f  th e  M e n d ip s .
M i n u a r t i a  v e r n a  w a s  th e  o n l y  i n d i c a t o r  s p e c ie s  p r e s e n t  a t  the  s i t e ,  
T h l a s p i  a lp e  s t r e , a l t h o u g h  o c c u r r i n g  tw o  k i l o m e t r e s  a w a y  a t  
Y o u l g r e a v e ,  w a s  n o t  s e e n  a t  t h i s  l o c a l i t y .  F e s t u c a  r u b r a  L .  a n d  
H o l c u s  la n a t u s  w e r e  the  m o s t  a b u n d a n t  s p e c ie s  a c c o m p a n y in g  
M .  v e r n a  t o g e t h e r  w i t h  a n  a s s e m b la g e  o f  f o r b s  s u c h  as  R u m e x  
a c e t o s a , P la n t a g o  l a n c e o la ta  a n d  C e r a s t i u m  v u l g a t u m  L .  V e r b a  s c u m  
n i g r u m  L .  w a s  an  u n u s u a l  s p e c ie s  p r e s e n t  i n  p la c e s .
L e a d  c o n c e n t r a t i o n s  o n  th e  t r a n s e c t  l i n e  v a r i e d  f r o m  1, 970 to  53, 000 
p p m  w i t h  a g e n e r a l  l e v e l  o f  2 0 ,  000 to  4 0 ,0 0 0  p p m .  Z in c  c o n c e n t r a t i o n s  
w e r e  m o s t l y  w i t h i n  th e  r a n g e  10, 000 to  15,000 p p m  a n d  c o p p e r  w a s  
p r e s e n t  i n  i n s i g n i f i c a n t  a m o u n t s .  C a l c i u m  w a s  g e n e r a l l y  a r o u n d  
100, 0 0 0  p p m  a n d  the  p H  r a n g e d  f r o m  7. 0 to  7. 4 . O r g a n i c  c a r b o n  
l e v e l s  i n  th e  s p o i l  w e r e  b e tw e e n  6% a n d  13. 5%.
T a b le  6. 1 S o d iu m ,  p o t a s s i u m ,  m a g n e s iu m  a n d  p h o s p h o r o u s  c o n c e n ­
t r a t i o n s  i n  s p o i l  f r o m  2 0 m  on  the  R i v e r  B r a d f o r d  T r .  1.
S o d iu m  P o t a s s i u m  M a g n e s iu m  P h o s p h o r o u s
( p p m )  ( p p m )  ' ( p p m )  ( e H R Î ________
1 ,5 6 0  4 , 7 0 0  1 ,9 2 0  1 ,100
A s  T a b le  6 .1  s h o w s  p h o s p h o r o u s  i n  the  s p o i l  f r o m  t h i s  t r a n s e c t  is  a t  
a s i m i l a r  c o n c e n t r a t i o n  to  t h a t  f o u n d  i n  s p o i l  i n  th e  M e n d ip s  a n d  a t  
L a  C a la m i n e  i n  the  A a c h e n - L i e g e  a r e a .  P o t a s s i u m ,  h o w e v e r ,  o c c u r s  
a t  a h i g h e r  c o n c e n t r a t i o n  t h a n  i s  n o r m a l  f o r  s p o i l  m a t e r i a l s .  I t  i s  
e v i d e n t  f r o m  T a b le  6. 2 t h a t  i n  i t s  t e x t u r a l  c h a r a c t e r i s t i c s  th e  s p o i l  
f r o m  t h i s  s i t e  is  s i m i l a r  to  o t h e r s  e l s e w h e r e .
1 3 0
T a b i c  6. 2 P a r t i c l e  s iz e  a n a l y s i s  o f  a s a m p le  f r o m  2 2 m  on  the  
R i v e r  B r a d f o r d  T r .  1.
C o a r s e  M e d i u m  F i n e  S i te  C l a y  O r g a n i c
s a n d  s a n d  s a n d  c a r b o n
2 3 . 5 %  15.1% 1 3 .2 %  3 7 .9 %  7 .6 %  6 .3 %
T h e  C a / H M  r a t i o s  o f  s a m p le s  f r o m  th e  R i v e r  B r a d f o r d  T r .  1 f e l l  w i t h i n  
th e  r a n g e  C a / H M  1. 0 to  C a / H M  9. 58 , T a b le  6, 3 d e m o n s t r a t e s  t h a t  
M .  v e r n a  w a s  p r e s e n t  i n  a l l  q u a d r a t s  o n  th e  R i v e r  B r a d f o r d  T r .  1 w i t h  
C a / H M  r a t i o s  l e s s  th a n  1. 99 . O n  S to c k  H i l l  T r .  1 i n  th e  M e n d ip s  
M .  v e r n a  s h o w e d  a c l e a r  c u t  a s s o c i a t i o n  w i t h  th e  q u a d r a t  s o f  h ig h e s t  
t o x i c i t y ,  t h i s  i s  n o t  th e  c a s e  o n  the  R i v e r  B r a d f o r d  T r .  1 b u t  i t  is  
c l e a r  t h a t  as  th e  C a / H M  r a t i o  o f  th e  s p o i l  r i s e s  a b o v e  2 . 0  M .  v e r n a  
s h o w s  a n  i n c r e a s i n g  te n d e n c y  to  be a b s e n t .  I t  i s  s u g g e s te d  th a t  t h i s  
i s  d u e  to  i n c r e a s i n g l y  e f f e c t i v e  c o m p e t i t i o n  f r o m  o t h e r  s p e c ie s  as  
t h e  t o x i c i t y  d e c r e a s e s .
T h a t  th e  r e l a t i o n s h i p  b e tw e e n  M .  v e r n a  a n d  t o x i c i t y  i s  n o t  as  c l e a r  c u t  
o n  t h i s  t r a n s e c t  l i n e  a s  o n  S to c k  H i l l  T r .  1 i n  th e  M e n d ip s  i s  p r o b a b l y  
e x p l i c a b l e  in  t e r m s  o f  th e  p r o n o u n c e d  s t a b i l i t y  o f  th e  S to c k  H i l l  
s p o i l  h e a p .  M u c h  m o r e  n o r m a l  o n  s p o i l  h e a p s  i s  a s i t u a t i o n  o f  m a r k e d  
i n s t a b i l i t y .  T h i s  m a y  be  due to  the  w a y  i n  w h i c h  th e  m a t e r i a l  w a s  
d u m p e d  o r i g i n a l l y ,  th e  n o r m a l  s p o i l  h e a p  is  m o s t  d e f i n i t e l y  a h e a p ,  
r a t h e r  t h a n  a l o w  m o u n d  o r  s p r e a d  o f  m a t e r i a l ,  o r  the  s p o i l  m a y  
b e  u n s t a b le  due to  d i s t u r b a n c e  b y  a n i m a l s  as is  th e  c a s e  o n  th e  R i v e r  
B r a d f o r d  T r .  1. I t  w a s  s h o w n  th a t  a t  S h ip h a m  in  th e  M e n d ip s  
T h l a s p i  a l p e s t r e  a n d  S i le n e  m a r i t i m a  w e r e  fo u n d  i n  p la c e s  d i s t u r b e d  
b y  c a t t l e  o r  r a b b i t s  a n d  i t  i s  p r o b a b le  t h a t  o n  th e  R i v e r  B r a d f o r d  
T r .  1 th e s e  a g e n c ie s  a l s o  h a v e  a n  e f f e c t .  D u e  to  d i s t u r b a n c e  b y  
b i o t i c  a g e n c ie s  s u c c e s s io n  w i l l  be  p u t  b a c k ,  c o m p e t i t o r s  w i l l  be 
s u p p r e s s e d  a n d  p la n t s  s u c h  as  M .  v e r n a  m a y  r e o c c u p y  o r  c o n t in u e  to  
o c c u p y  a r e a s  f r o m  w h i c h  th e y  m i g h t  o t h e r w i s e  h a v e  d is a p p e a r e d .
S u c h  b i o t i c  e f f e c t s  m a y  be d i f f i c u l t  to  i d e n t i f y .  T h e  s c r a p in g s  o f  
r a b b i t s  o r  th e  h o o f m a r k s  o f  c a t t l e  a r e  r e a s o n a b l y  o b v io u s  as  to
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t h e i r  c a u s e  a t  a n d  s h o r t l y  a f t e r  the  m o m e n t  o f  t h e i r  c r e a t i o n  b u t  
w i t h  t i m e  a p a t c h  o f  b a r e  s p o i l  p r o d u c e d  b y  s u c h  m e a n s  w i l l  c o m e  to  
l o o k  no  d i f f e r e n t  f r o m  a n y  o t h e r  b a r e  a r e a .  T h u s  i t  w i l l  o c c u r  th a t  
s p e c ie s  s u c h  a s  M .  v e r n a  w i l l  be r e c o r d e d  f r o m  a r e a s  on  s p o i l  h e a p s  
w h i c h ,  i n  t e r m s  o f  t h e i r  s u c c e s s i o n a l  h i s t o r y ,  a r e  n o t  c o m p a r a b le  
w i t h  o t h e r  a r e a s  o f  s p o i l  o n  th e  s a m e  h e a p .  D i f f i c u l t i e s  o f  t h i s  s o r t  
a r e  b e l i e v e d  to  be i m p l i c a t e d  i n  th e  o c c u r r e n c e  o f  a d i f f u s e  t o x i c i t y  
t h r e s h o l d  f o r  M .  v e r n a  o n  th e  R i v e r  B r a d f o r d  T r .  1. A s  d e s c r i p t i o n  
o f  th e  s i t e s  s t u d ie d  i n  D e r b y s h i r e  p r o c e e d s  th e  e f f e c t  o f  v a r i o u s  
t y p e s  o f  d i s t u r b a n c e  o n  th e  o c c u r r e n c e  o f  M .  v e r n a  i n  r e l a t i o n  to  
t o x i c i t y  w i l l  b e c o m e  c l e a r .
Y o u lg r e a v e
Y o u lg r e a v e  T r .  1 c r o s s e d  th e  fa c e  o f  a s m a l l  s p o i l  h e a p  w h ic h  
a b u t t e d  a g a in s t  th e  s te e p  v a l l e y  s id e  o f  the  R i v e r  B r a d f o r d  to  the  
s o u th  o f  Y o u lg r e a v e .  T h e  s i t e  is  a t  a n  a l t i t u d e  o f  a b o u t  150m  a n d  
w i l l  t h e r e f o r e  be s o m e w h a t  w a r m e r  th a n  m a n y  p la c e s  o n  th e  D e r b y ­
s h i r e  p la t e a u .
T h e  s p o i l  h e a p  w a s  r a t h e r  m o r e  v e g e t a t e d  th a n  m a n y  b u t  i n  the  b a r e  . 
a r e a s  M .  v e r n a  o c c u r r e d  t o g e t h e r  w i t h  T h la s p i  a l p e s t r e . O n  the  
t r a n s e c t  g e n e r a l l y  F e s t u c a  r u b r a  a n d  H o lc u s  la n a tu s  w e r e  the  
i m p o r t a n t  g r a s s e s  t o g e t h e r  w i t h  s p e c ie s  s u c h  a s  A n t h o x a n t h u m  
o d o r a t u m  L .  , P l a n t a g o l a n c e o l a t a . R a n u n c u lu s  a c r i s  L .  ,
C a m p a n u la  r o t u n d i f o l i a ,  R u m e x  a c e t o s a , C e r a s t i u m  v u lg a t u m  a n d  
L o t u s  c o r n i c u l a t u s  L ,  D ia n t h u s  d e l t o ï d e s  L .  w a s  a n  u n u s u a l  c o m ­
p o n e n t  o f  th e  f l o r a .  T h e  s lo p e  o f  th e  s p o i l  o n  w h i c h  t h i s  c o m m u n i t y  
g r e w  w a s  b e t w e e n  28*^ a n d  41° a n d  th e  t r a n s e c t  w a s  a t  r i g h t  a n g le s  
t o  th e  m a x i m u m  s lo p e .
L e a d  c o n c e n t r a t i o n s  a lo n g  th e  t r a n s e c t  l i n e  w e r e  b e tw e e n  2 0 ,  000 
a n d  7 0 ,  000  p p m  w h i l e  z in c  w a s  n o r m a l l y  p r e s e n t  a t  a r o u n d  10, 000 
p p m .  T h e  c o p p e r  l e v e l  w a s  200  p p m  a n d  c a l c i u m  v a r i e d  b e tw e e n  
31, 500 a n d  35 ,  000 p p m .  T a b le  6. 4 s h o w s  th a t  th e  a m o u n t  o f
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p h o s p h o r o u s  i n  th e  s p o i l  f r o m  t h i s  s i t e  is  the  s a m e  as o n  th e  R i v e r  
B r a d f o r d  T r .  1 b u t  t h a t  m a g n e s i u m  a n d  p o t a s s i u m  w e r e  p r e s e n t  a t  
l o w e r  c o n c e n t r a t i o n s  th a n  i n  t h a t  m a t e r i a l .  T h e  p H  o f  th e  s p o i l  w a s  
b e t w e e n  7 . 2 a n d  7. 5.
T a b le  6. 4 S o d iu m ,  p o t a s s i u m ,  m a g n e s iu m  a n d  p h o s p h o r o u s  c o n c e n ­
t r a t i o n s  i n  s p o i l  f r o m  3 m  o n  Y o u lg r e a v e  T r .  1.
S o d iu m  P o t a s s i u m  M a g n e s i u m  P h o s p h o r o u s
( p p m )  ( p p m )  ( p p m )  (p p m )________
300 2 , 575  1 ,5 7 0  1,100
P a r t i c l e  s iz e  a n a l y s i s  o f  th e  s p o i l  f r o m  t h i s  t r a n s e c t  l i n e  ( T a b le  6. 5) 
d e m o n s t r a t e s  t h a t  th e  s p o i l  i s  r e l a t i v e l y  f i n e  i n  t e x t u r e  a n d  h a s  a 
h i g h e r  c l a y  c o n t e n t  t h a n  i s  n o r m a l  f o r  s p o i l ,  c l a y  a t  19. 2% i s  m o r e  
t h a n  t w i c e  t h a t  i n  th e  s a m p le  f r o m  th e  R i v e r  B r a d f o r d  T r .  1 
( T a b le  6. 2 ) .
T a b le  6. 5 P a r t i c l e  s iz e  a n a l y s i s  o f  s p o i l  f r o m  5 m  o n  Y o u lg r e a v e  T r .  1
C o a r s e  M e d i u m  F in e  S i l t  C l a y  O r g a n i c
s a n d  s a n d  s a n d      c a r b o n
1 5 .3 %  1 0 .8 %  1 7 .2 %  3 4 .6 %  1 9 .2%  4 .1%
T h e  C a / H M  r a t i o s  f o r  th e  t r a n s e c t  l i n e  a r e  s h o w n  i n  T a b le  6. 6.
M .  v e r n a  a n d  T .  a l p e s t r e  o n l y  o c c u r r e d  i n  th e  a r e a  b e tw e e n  2 m  a n d  
7 m  a n d  i t  a p p e a r s  t h a t  t h i s  i s  th e  a r e a  w i t h  the  l o w e s t  C a / H M  r a t i o s  
a n d  c o n s e q u e n t l y  th e  h ig h e s t  t o x i c i t i e s .  T h e r e  i s  h o w e v e r  a d i f f i c u l t y  
i n  t h a t  th e  a r e a  b e tw e e n  2 m  a n d  7 m  w a s  a ls o  t h a t  o f  a r a t h e r  i l l  
d e f i n e d  f o o t p a t h  w h i c h  a s c e n d e d  th e  s p o i l  h e a p  a t  t h i s  p o i n t  a n d  th e  
a s s o c i a t e d  d i s t u r b a n c e  w i l l  c e r t a i n l y  be  h a v in g  s o m e  i n f l u e n c e  o n  
th e  o c c u r r e n c e  o f  th e  tw o  i n d i c a t o r  s p e c ie s  i n  t h i s  a r e a .
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T  a b le  6. 6 T h e  C a / H M  r a t i o s  a t  3 rn  i n t e r v a l s  a lo n g  Y o u lg r e a v e  T r .  1
O m  3 m  6 m  9 m  12m  15m
C a / H M  0 . 73 0 . 4 8  0 . 6 2  1 .0 2  1.10 1 .3 6
I t  w i l l  be  n o t i c e d  t h a t  w h i l e  M .  v e r n a  o c c u r r e d  on  th e  R i v e r  B r a d f o r d  
T r .  1 i n  s p o i l  w i t h  C a / H M  r a t i o s  a b o v e  2 i t  i s  n o t  p r e s e n t  on  t h i s  
t r a n s e c t  a s s o c i a t e d  w i t h  s p o i l  w i t h  a C a / H M  r a t i o  a b o v e  0. 7. T h e r e  
s e e m  to  be tw o  p o s s i b l e  e x p la n a t i o n s  f o r  t h i s  a n d  t h e y  m a y  be  a c t in g  
i n  c o m b i n a t i o n .  A s  T a b le  6. 5 s h o w s  th e  m a t e r i a l  o f  t h i s  s p o i l  h e a p  
i s  o f  f i n e r  t e x t u r e  t h a n  t h a t  o f  m a n y  s p o i l  h e a p s  a n d  a b e t t e r  
m o i s t u r e  r e g i m e  p r o b a b l y  p r e v a i l s .  T h i s  w i l l  m e a n  t h a t  the  
c o m p e t i t o r s  o f  M .  v e r n a  w i l l  be m o r e  s u c c e s s f u l  a n d  a r e l a t i v e l y  
h i g h e r  t o x i c i t y  w i l l  be  n e c e s s a r y  to  p r o v i d e  a h a b i t a t  i n  w h i c h  M .  v e r n a  
m a y  e x i s t .  T h e  s e c o n d  p o s s i b i l i t y  i s  t h a t  th e  s p o i l  h e a p  i s  o l d e r  
t h a n  t h a t  o f  th e  R i v e r  B r a d f o r d  T r .  1. A s s u m i n g  t h a t  s u c c e s s io n  i s  
a n  o n g o in g  p r o c e s s ,  s l o w e r  a t  h i g h e r  t o x i c i t i e s  th a n  l o w e r  t o x i c i t i e s ,  
b u t  n o n e t h e le s s  o c c u r r i n g ,  t h e n  a n  o l d  s p o i l  h e a p  w i l l  h a v e  a m o r e  
c l o s e d  v e g e t a t i o n  c o m m u n i t y  t h a n  a y o u n g e r  one a n d  M .  v e r n a  w i l l  
be  e x c lu d e d  b y  c o m p e t i t i o n .  T h e  m a t t e r  o f  s u c c e s s io n  o n  s p o i l  h e a p s  
w i l l  b e  r e t u r n e d  to  s u b s e q u e n t l y  w h e n  i t  w i l l  be  p o s s ib le  to  d r a w  on  
e v id e n c e  f r o m  a w i d e r  r a n g e  o f  s i t e s .
H i g h  R a k e
H i g h  R a k e  i s  a v e i n  r u n n in g  r o u g h l y  f r o m  e a s t  t o  w e s t  i n  th e  n o r t h e r n  
p a r t  o f  th e  D e r b y s h i r e  o r e f i e l d .  T h e  s i t e  is  a t  a n  a l t i t u d e  o f  a b o u t  
3 0 0 m  a n d  c l i m a t i c  c o n d i t i o n s  w i l l  be  m o r e  s e v e r e  t h a n  th o s e  o f  th e  
t r a n s e c t s  a t  Y o u l g r e a v e  a n d  th e  R i v e r  B r a d f o r d .  H ig h  R a k e  w a s  one 
o f  th e  s t r o n g e s t  v e in s  i n  D e r b y s h i r e  a n d  w a s  d i s c o v e r e d  s o m e  t im e  
i n  th e  S e v e n te e n th  C e n t u r y .  T h e  l a s t  r e c o r d  f o r  w o r k i n g  o n  the  
v e i n  i s  f r o m  1887 ( C a r r u t h e r s  a n d  S t r a h a m ,  192 3) a n d  th e  s i te  
i n v e s t i g a t e d  h a s  p r o b a b l y  b e e n  u n d i s t u r b e d  f o r  a b o u t  100 y e a r s .
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T h e  t r a n s e c t  l i n e  c r o s s e d  th e  t r e n c h  o f  th e  e x c a v a te d  v e in .  T h e  
s o u t h e r n  s id e  o f  th e  v e i n  w a s  v e r y  u n s ta b le  a n d  m a n t l e d  b y  s p o i l  
a n d  s lo p e d  a t  a b o u t  3 5 °  w h i l e  th e  n o r t h e r n  s id e  s h o w e d  a m u c h  m o r e  
g e n t le  s lo p e  o f  a r o u n d  15°, th e  s u b s t r a t e  w a s  s ta b le  a n d  a m o r e  o r  
l e s s  c l o s e d  v e g e t a t i o n  c o m m u n i t y  w a s  p r e s e n t .  M i n u a r t i a  v e r n a  
o c c u r r e d  w i t h  F e s t u c a  r u b r a  a n d  F .  o v in a  i n  th e  u n s ta b le  a r e a  w h i le  
a c o m m u n i t y  o f  F .  o v i n a , F .  r u b r a , C y n o s u r u s  c r i s t a t u s  L .  ,
T h y m u s  d r u c e i , H i e r a c i u m  p i l o s e l l a ,  P la n t a g o  la n c e o la ta ,  R u m e x  
a c e t o s a , L o t u s  c o r n i c u l a t u s  a n d  o t h e r  h e r b s  o c c u p ie d  th e  s ta b le  
r e g i o n .
L e a d  c o n c e n t r a t i o n s  a lo n g  th e  t r a n s e c t  l i n e  w e r e  b e tw e e n  21, 000  a n d  
55 , 000 p p m  w h i l e  z in c  l e v e l s  w e r e  r e l a t i v e l y  l o w ,  n e v e r  e x c e e d in g  
6, 000  p p m .  C o p p e r  w a s  b e lo w  100 p p m  i n  e v e r y  s a m p le . T h e  p H  
w a s  b e t w e e n  6. 9 a n d  7. 4 a n d  th e  o r g a n i c  c a r b o n  c o n te n t  b e tw e e n  
3, 3% a n d  9. 8%. C a l c i u m  r a n g e d  f r o m  8 3 ,2 0 0  to  178, 000 p p m .
T a b le  6. 7 s h o w s  t h a t  w h i l e  p o t a s s i u m  w a s  p r e s e n t  i n  a n  a m o u n t  
s i m i l a r  to  t h a t  i n  th e  s p o i l  f r o m  Y o u lg r e a v e  ( T a b le  6 . 4 )  p h o s p h o r o u s ,  
a t  o n l y  300  p p m ,  w a s  i n  m u c h  l o w e r  c o n c e n t r a t i o n .
T a b le  6. 7 S o d iu m ,  p o t a s s i u m ,  m a g n e s iu m  a n d  p h o r p h o r o u s  c o n c e n ­
t r a t i o n s  i n  s p o i l  f r o m  4 m  o n  H ig h  R a k e  T r .  1
S o d iu m  P o t a s s i u m  M a g n e s iu m  P h o s p h o r o u s
(ppm) (ppm) (PP^)______  (eEHII-------- -
1535  2 7 5 0  980 300
T a b le  6. 8 d e m o n s t r a t e s  t h a t  th e  s p o i l  f r o m  the  H ig h  R a k e  t r a n s e c t  
l i n e  i s  v e r y  c o a r s e  i n  t e x t u r e .  I n  th e  c o a r s e n e s s  o f  i t s  t e x t u r e  i t  
i s  second o n l y  t o  th e  s p o i l  f r o m  S to c k  H i l l  T r .  1 i n  th e  M e n d ip s .
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T  a b le  6. 8 P a r t i c l e  s iz e  a n a l y s i s  o f  s p o i l  f r o m  6 m  on  H ig h  R a k e  T r .  1
C o a r s e  M e d i u m  F i n e  S i l t  C l a y  O r g a n i c
s a n d  s a n d  s a n d      c a r b o n
2 6 . 0 %  2 7 .6 %  1 5 .5 %  16.1% 8 .2 %  3 .3 %
T a b le  6. 9 s h o w s  th e  C a / H M  r a t i o s  a t  2 m  i n t e r v a l s  a lo n g  th e  t r a n s e c t  
l i n e  a n d  i t  i s  e v id e n t  t h a t  M .  v e r n a  s h o w s  i n  i t s  o c c u r r e n c e  no  w e l l  
d e f i n e d  r e l a t i o n s h i p  to  t o x i c i t y  as m e a s u r e d  b y  the  C a / H M  r a t i o .
T h is ,  a p p e a r s  to  be due to  th e  i n s t a b i l i t y  o f  th e  e a r l y  p a r t s  o f  the
T a b le  6. 9 T h e  C a / H M  r a t i o s  a t  2 m  i n t e r v a l s  a n d  th e  in c id e n c e  o f  
M .  v e r n a  o n  H ig h  R a k e  T r .  1
+ M .  v e r n a  p r e s e n t  i n  a s s o c i a t e d  q u a d r a t s  
-  M .  v e r n a  a b s e n t  i n  a s s o c i a t e d  q u a d r a t s
t r a n s e c t  l i n e .  T h e  10m  to  l 6 m  a r e a  w a s  i n  th e  b a s e  o f  th e  t r e n c h  o f  
th e  e x c a v a t e d  v e i n  a n d  o n  th e  g e n t l y  s lo p in g  n o r t h  s id e  a n d  i n  t h i s  
r e g i o n  u n d e r  c o n d i t i o n s  o f  s t a b i l i t y ,  e v e n  th o u g h  th e  s p o i l  i s  v e r y  
c o a r s e  a n d  l o w  i n  p h o s p h o r o u s ,  a m o r e  o r  l e s s  c lo s e d  v e g e t a t i o n  
c o m m u n i t y  o f  th e  s p e c ie s  p r e v i o u s l y  m e n t i o n e d  h a s  d e v e lo p e d  to  
e x c lu d e  M .  v e r n a . T h e  o n l y  p la c e  o n  t h i s  n o r t h e r n  s id e  o f  the  v e i n  
w h e r e  M .  v e r n a  o c c u r r e d  w a s  i n  th e  l a s t  q u a d r a t  o f  the  t r a n s e c t  l i n e  
a n d  h e r e ,  as  T a b le  6. 9 s h o w s ,  th e  C a / H M  r a t i o  i s  l o w e r  a n d  the  
t o x i c i t y  t h e r e f o r e  g r e a t e r .  T h u s  i n  th e  r e l a t i v e l y  s ta b le  c o n d i t i o n s  
o f  t h i s  p a r t  o f  th e  t r a n s e c t  l i n e  a C a / H M  r a t i o  o f  a r o u n d  2 . 0 s e e m s  
n e c e s s a r y  to  p r e v e n t  M .  v e r n a  b e in g  e x c lu d e d  b y  c o m p e t i t i o n  f r o m  
o t h e r  s p e c ie  s . T h i s  i s  r o u g h l y  th e  s a m e  r a t i o  a s  t h a t  a t  w h i c h  
M .  v e r n a  b e g a n  to  be a b s e n t  f r o m  s o m e  q u a d r a t s  o n  th e  R i v e r  
B r a d f o r d  T r .  1.
O m 2 m 4 m 6 m 8 m 10m 12m 1 4 m l 6 m 18m
5. 64 3. 63 3. 31 6. 3 6. 58 3. 64 4. 57 2. 37 2. 58 1. 85
+ + + + + +
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I n  th e  Om to  8 m  p a r t  o f  th e  t r a n s e c t  M .  v e r n a  is  p r e s e n t  a t  C a / H M  
r a t i o s  i n  e x c e s s  o f  3. 0 a n d  i n  tw o  s a m p le s  a b o v e  6. 0. T h i s  w a s  the  
a r e a  o f  g r e a t  i n s t a b i l i t y ,  i n  p la c e s  i n d i v i d u a l s  o f  M .  v e r n a  and  
F e s t u c a  o v in a  w e r e  b e in g  b u r i e d  b y  m o v i n g  s p o i l ,  a n d  i t  a p p e a r s  th a t  
u n d e r  s u c h  c o n d i t i o n s  o f  i n s t a b i l i t y  s u c c e s s io n  i s  r e t a r d e d ,  c o m ­
p e t i t i o n  i s  l e s s  s e v e r e  a n d  M .  v e r n a  i s  a b le  to  m a i n t a i n  i t s e l f  a g a in s t  
c o m p e t i t o r s  e v e n  a t  r e l a t i v e l y  l o w  t o x i c i t i e s .
O t h e r  s i t e s  o c c u p ie d  b y  M i n u a r t i a  v e r n a  a n d  
T h l a s p i  a l p e s t r e  i n  th e  S o u th e r n  P e n n in e s
I n  a d d i t i o n  to  th e  a r e a s  i n v e s t i g a t e d  b y  t r a n s e c t s  a n u m b e r  o f  s p o t  
s a m p l e s  w e r e  t a k e n  f r o m  s p o i l  h e a p s  w h e r e  M .  v e r n a  o r  T .  a l p e s t r e  
o r  b o t h  s p e c ie s  o c c u r r e d .  A n a l y s e s  f r o m  th e s e  s i t e s  a r e  s h o w n  
i n  T a b le s  6 .1 0  a n d  6.11. T h e  t a b le s  a r e  a r r a n g e d  i n  a n o r t h  to  s o u th  
p r o g r e s s i o n ,  th e  O d in  M in e  n e a r  C a s t l e t o n  b e in g  the  n o r t h e r n m o s t  
s i t e .
A s  T a b le  6. 10 s h o w s  c a l c i u m  l e v e l s  i n  th e  s p o i l  f r o m  m u c h  o f  th e  
S o u t h e r n  P e n n in e  o r e f i e l d  a r e  h ig h  a n d  t h e r e  i s  a t e n d e n c y  f o r  th e  
h i g h e s t  c o n c e n t r a t i o n s  to  o c c u r  in  th e  s p o i l s  i n  th e  n o r t h e r  p a r t  o f  
th e  o r e f i e l d ,  O d in  M in e  to  M o s s  R a k e  i n  T a b le  6 .1 0 .  H ig h  R a k e  T r .  1 
w a s  i n  t h i s  a r e a  a n d  s h o w e d  s i m i l a r  c a l c i u m  c o n c e n t r a t i o n s  i n  m a n y  
s a m p le s .  I n  m o s t  s a m p le s  le a d  i s  p r e s e n t  i n  h ig h  c o n c e n tm  t i o n s ,  
a l s o  b u t  t h e s e  a r e  s a m p le s  f r o m  the  a r e a s  o c c u p ie d  b y  th e  i n d i c a t o r  
s p e c ie s  a n d  th u s  m i g h t  be  e x p e c te d  to  s h o w  h ig h  l e v e l s  o f  h e a v y  
m e t a l ,  t h e r e  a r e  l a r g e  a r e a s  o f  s p o i l  c o v e r e d  b y  m o r e  o r  l e s s  c lo s e d  
v e g e t a t i o n  c o m m u n i t i e s  i n  D e r b y s h i r e  a n d  th e s e ,  p r e s u m a b l y ,  a r e  
t h e  s p o i l s  w i t h  l o w e r  h e a v y  m e t a l  l e v e l s  (a n  a l t e r n a t i v e  e x p la n a t i o n  
m i g h t  be t h a t  t h e y  h a v e  m u c h  h i g h e r  c a l c i u m  le v e ls ,  a n d  th u s  le s s  
t o x i c i t y  b u t  i n  v i e w  o f  th e  h ig h  c a l c i u m  l e v e l s  i n  m a n y  o f  th e  s a m p le s  
i n  T a b le  6. 10 t h i s  s e e m s  le s s  l i k e l y ) .  Z in c  in  m a n y  s p o i l s  f r o m  th e  
o r e f i e l d  i s  p r e s e n t  i n  o n l y  m o d e r a t e  a m o u n t s  a n d  c o p p e r  is  
i n s i g i f i c a n t .
13Ü
T a b le  6. 10 C a l c i u m  a n d  h e a v y  m e t a l  d e t e r m i n a t i o n s  f r o m  s i t e s  w i t h  one 
o r  m o r e  i n d i c a t o r  s p e c ie s  in  the  S o u th e r n  P e n n in e  o r e f i e l d
C a l c i u m L e a d Z in c C o p p e r
(p p m )
O d in  M in e 1 6 5 ,0 0 0 36, 000 15, 000 10 5
S. E ,  C a s t l e t o n 146 , 000 54, 900 7, 400 50
D i r t l o w  R a k e 2 5 0 ,0 0 0 3 2 ,5 0 0 1 3 , 0 0 0 62
M o s s  R a k e 1 50 , 000 4 8 ,7 0 0 2 2 ,0 0 0 50
W h i t e  R a k e 65 , 000 45 , 500 6 ,2 5 0 75
H i g h  L o w 5 0 ,0 0 0 2 7 ,0 0 0 14, 500 125
S. E .  H i g h  L o w 1 3 2 ,0 0 0 5 7 ,0 0 0 2 7 ,5 0 0 50
A l p o r t  S I 2 0 2 , 0 0 0 2 3 ,0 0 0 7, 700 57
L o m b e r d a l e  H a l l 95 ,  000 3 0 ,0 0 0 19, 000 150
Y o u l g r e a v e  S8 2 7 ,  900 1 6 ,2 0 0 3 3 ,0 0 0 117
Y o u l g r e a v e  S9 3 2 , 0 0 0 9, 500 1 6 ,0 0 0 147
Y o u lg r e a v e  S l l 4 9 , 0 0 0 2 , 180 5 0 ,0 0 0 157
U p p e r  T o w n 1 0 8 ,0 0 0 7 4 ,8 0 0 1 9 ,2 5 0 150
B o n s a l l  M o o r  S I 1 3 7 ,0 0 0 6 6 ,2 0 0 16, 100 87
B o n s a l l  M o o r  S2 11 9 ,  000 5 1 ,8 0 0 14, 000 87
B o n s a l l  M o o r  S3 1 9 ,5 0 0 1 6 ,2 0 0 5, 000 77
B r a s s i n g t o n  S I 7 0 , 5 0 0 3 7 ,3 0 0 1 ,9 0 0 87
B r a s s i n g t o n  S2 4 4 ,  300 3 3 ,0 0 0 3, 600 98
B r a s s i n g t o n  S3 3 2 ,8 0 0 1 7 ,3 0 0 1 0 ,9 0 0 218
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T  a h  Te 6.11 p H ,  o r g a n i c  ca r baa a n d  C a / H M  d e t e r m i n a t i o n s  a n d  the  
i n c id e n c e  o f  M i n u a r t i a  v e r n a  a n d  T h l a s p i  a l p e s t r e  a t  
s i t e s  in  th e  S o u t h e r n  P e n n in e  o r e f i e l d
S i te
p H
O r g a n i c
c a r b o n
C a /
H M
M i n u a r t i a
v e r n a
T h l a s p i
a l p e s t r e
O d in  M in e 7 . 2 n d 3. 8 +
S. E .  C a s t l e t o n n d n d 2 . 4 9 + -
D i r t l o w  R a k e 7 . 6 4 . 6% 6 . 4 •+ -
M o s s  R a k e n d n d 2. 5 + -
W h i t e  R a k e n d n d 1. 34 + -
H i g h  L o w 7 . 4 n d 1 .4 6 + -
S. E .  H ig h  L o w n d n d 1. 87 + -
A l p o r t  SI 7 . 6 n d 7. 52 + -
L o m b e r d a l e  H a l l n d n d 2 .4 1 + -
Y o u lg r e a v e  S8 7. 2 2 .2 % 0. 86 - +
Y o u lg r e a v e  S9 7 . 4 n d 1. 83 + +
Y o u lg r e a v e  S l l 7 . 2 6 .3 % 1. 81 + -
U p p e r  T o w n n d n d 1 .2 8 + +
B o n s a l l  M o o r  SI 7 . 2 n d 1. 85 . + -
B o n s a l l  M o o r  S2 7 . 0 3. 3% 2 . 2 7 + -
B o n s a l l  M o o r  S3 6 . 4 2 6 .  9% 1. 05 - +
B r a s s i n g t o n  SI. 7 . 4 n d ' 1. 85 + -
B r a s s i n g t o n  S2 6. 9 1. 8% 1 .2 8 + -
B r a s s i n g t o n  S3 6 . 7 2 2 .  9% 1. 4 4 +
+ N a m e d  i n d i c a t o r s p e c ie s p r e s e n t
-  N a m e d  i n d i c a t o r s p e c ie  s a b s e n t
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I n s p e c t i o n  o f  T a b le  6. 11 s h o w s  t h a t  m o s t  s a m p le s  h a v e  a p H  a b o v e
7 . 0 , t h i s  w a s  a l s o  th e  c a s e  f o r  th e  s p o i l s  o f  th e  t r a n s e c t  l i n e s .  W h e re  
th e  p H  d r o p s  m a r k e d l y  b e lo w  7 . 0 a s  i n  B o n s a l l  M o o r  S3 a n d  
B r a s s i n g t o n  S3 o r g a n i c  c a r b o n  l e v e l s  a r e  h ig h  i m p l y i n g  th e  s e c o n d a r y  
d e v e l o p m e n t  o f  a l o w e r  p H .
T a b le  6 .11 s h o w s  t h a t  m o s t  o f  th e  s p o t  s a m p le s  t a k e n  f r o m  s i t e s  
w h e r e  M .  v e r n a  o c c u r r e d  s h o w e d  C a / H M  r a t i o s  l e s s  t h a n  2. 5. T h e r e  
a r e  t h r e e  e x c e p t io n s  a n d  a l l  a p p e a r  to  be e x p l i c a b l e .  A t  A l p o r t  SI 
M .  v e r n a  w a s  f o u n d  i n  s p o i l  w i t h  a C a / H M  r a t i o  o f  7. 52. T h e  s p o i l  
h a d  b e e n  e x c a v a t e d  f r o m  a l a r g e  r a b b i t  w a r r e n  i n  a n  o t h e r w is e  
c o m p l e t e l y  v e g e t a t e d  s p o i l  h e a p .  T h e  e f f e c t  o f  r a b b i t s  i n  s e t t i n g  b a c k  
th e  p r o c e s s  o f  s u c c e s s io n  h a s  b e e n  c o n s id e r e d  i n  r e l a t i o n  to  the  
d i s c u s s i o n  o f  th e  d i s t r i b u t i o n  o f  M .  v e r n a  o n  th e  R i v e r  B r a d f o r d  T r .  1, 
t h i s  a p p e a r s  to  be a n o t h e r  e x a m p le .  A t  D i r t l o w  R a k e  M .  v e r n a  v /as  
f o u n d  g r o w i n g  i n  s p o i l  w i t h  a C a / H M  r a t i o  o f  6. 4 a n d  h e r e  h a b i t a t  
c o n d i t i o n s  w e r e  th e  s a m e  a s  t h o s e  p r e v a i l i n g  i n  th e  e a r l y  q u a d r a t s  
o f  H i g h  R a k e  T r .  1, th e  s i t e  w a s  v e r y  u n s ta b le  a n d  m u c h  m o v e m e n t  
o f  s p o i l  w a s  o c c u r r i n g  a n d  s u c h  p r o c e s s e s  h a v e  the  e f f e c t  o f  
r e t a r d i n g  s u c c e s s i o n  a n d  i n h i b i t i n g  c o m p le t i o n  to  th e  a d v a n ta g e  o f  
M .  v e r n a .  T h e  O d in  M in e  w h e r e  M .  v e r n a  g r e w  in  s p o i l  w i t h  a C a / H M  
r a t i o  o f  3. 8 a d jo in s  a l a y b y  o n  the  A 6 2 5 ,  i s  r e g u l a r l y  t r a m p l e d  b y  
■ t o u r i s t s ,  a n d  m u c h  o f  th e  s p o i l  i s  r e l a t i v e l y  b a r e .
T h i s  i s  n o t  t o  i m p l y  t h a t  a l l  th e  r e m a i n i n g  s i t e s  w h e r e  M .  v e r n a  
o c c u r r e d  w e r e  e n t i r e l y  s t a b le ,  s o m e  w e r e  n o t  b u t  m a n y  w e r e .  T h e  
s i t e s  a t  L o m b e r d a l e  H a l l ,  H i g h  L o w ,  S o u th  E a s t  H ig h  L o w  a n d  
M o s s  R a k e  w e r e  r e m o t e  f r o m  m a j o r  r o a d s  a n d  h u m a n  a c t i v i t y ,  
s h o w e d  n o  e v id e n c e  o f  e x c a v a t i o n  b y  r a b b i t s  a n d  no  c l e a r  s ig n s  o f  
d i s t u r b a n c e  b y  c a t t l e  a l t h o u g h  th e y  w e r e  a l l  i n  a r e a s  i n  w h i c h  c a t t l e  
g r a z i n g  o c c u r s .
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T h e  e v id e n c e  f r o m  th e  s p o t  s a m p le s  a n d  f r o m  th e  t r a n s e c t s  s u g g e s ts  
t h a t  o n  s p o i l  a r e a s  i n  D e r b y s h i r e  w h ic h  a r e  r e a s o n a b l y  s ta b le  and  n o t  
g r e a t l y  a f f e c t e d  b y  v a r i o u s  b i o t i c  a g e n c ie s  M .  v e r n a  is  r a r e l y  fo u n d  
a t  C a / H M  r a t i o s  a b o v e  3. T h i s  f i g u r e  m a y  be th o u g h t  o f  as  a t o x i c i t y  
t h r e s h o l d  f o r  th e  s p e c ie s  i n  th e  S o u th e r n  P e n n in e  s.
6. 3_______T h e  d i s t r i b u t i o n  o f  th e  i n d i c a t o r  s p e c ie s  i n  the  S o u th e r n  P e n n in e s
T h e  r e l a t i o n s h i p  o f  M .  v e r n a  to  s p o i l  t o x i c i t y  h a s  j u s t  b e e n  d i s c u s s e d .
T h e  o v e r a l l  d i s t r i b u t i o n  o f  th e  s p e c ie s  in  th e  S o u th e r n  P e n n in e s  i s  a l s o  
o f  i n t e r e s t  a n d  w i l l  be  c o n s id e r e d  s h o r t l y .  N o  a t t e m p t  h a s  b e e n  m a d e  
so  f a r  to  c o n s i d e r  th e  e c o lo g i c a l  s i t u a t i o n  in r e l a t i o n  to  T h la s p i  a l p e s t r e  
i n  th e  S o u th e r n  P e n n in e s ,  t h i s  w i l l  be  d e a l t  w i t h  f o l l o w i n g  d i s c u s s i o n  o f  
th e  g e n e r a l  d i s t r i b u t i o n  o f  M .  v e r n a  i n  the  a r e a .  C o c h le a r i a  
o f f i c i n a l i s  w h i c h  o c c u r s  on  a f e w  s p o i l  h e a p s  i n  D e r b y s h i r e  v / i l l  a l s o  be 
c o n s id e r e d .
F i g s .  6. 2 , 6 . 4 a n d  6. 5 s h o w  r e s p e c t i v e l y  the  d i s t r i b u t i o n  o f  M .  v e r n a ,
T .  a l p e s t r e  a n d  C o c h l e a r i a  o f f i c i n a l i s  i n  the  S o u th e r n  P e n n in e s .  T h e  
d i s t r i b u t i o n  m a p s  o f  th e  f i r s t  tw o  s p e c ie s  h a ve  been c o m p i l e d  f r o m  a 
v a r i e t y  o f  s o u r c e s .  S p e c im e n s  i n  the  H e r b a r i u m  a t  K e w  p r o v id e d  
p la c e  o f  c o l l e c t i o n  i n f o r m a t i o n  a n d  s i t e s  a r e  l i s t e d  in  L i n t o n ' s  F l o r a  
o f  D e r b y s h i r e  (1903) a n d  C la p h a m 's  F l o r a  o f  1969. M i s s  K .  M .
H o l l i c k  o f  A s h b o u r n e  p r o v i d e d  r e c o r d s ,  w i t h  h a b i t a t  c o m m e n t s ,  
f o r  th e  tw o  s p e c ie s  i n  D e r b y s h i r e  a n d  th e s e  w e r e  c o m p le m e n t e d  
b y  th e  B . S . B . I .  r e c o r d s .  P e r s o n a l  o b s e r v a t i o n s  h a v e  s u p p le m e n te d  
th e  d a ta  f r o m  a l l  t h e s e  s o u r c e s  and  the tw o  d i s t r i b u t i o n  m a p s  r e p r e s e n t  
th e  a g g r e g a t e  o f  a l l  the  i n f o r m a t i o n .
T h e  o l d e r  r e c o r d s  o f  L i n t o n  (1903) a n d  K e w  a r e  g e n e r a l l y  l e s s  p r e c i s e  
i n  l o c a t i o n  t h a n  m o r e  m o d e r n  o n e s ,  the  l a t t e r  o f t e n  p r o v i a i n g  a 
d e t a i l e d  g r i d  r e f e r e n c e .  M a n y  o f  the  o l d e r  r e c o r d s  r e f e r  to  a d a le  
o r  th e  n e a r e s t  t o w n  o r  v i l l a g e .  T h e  m a p  s y m b o ls  h a v e  b e e n  l o c a t e d  
c e n t r a l l y  w h e n  th e  r e c o r d  w a s  a v a g u e  one i n v o l v i n g  a l a r g e  a r e a .
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w h e n  a t o w n  o r  v i l l a g e  p e r i p h e r a l  to  the  C a r b o n i f e r o u s  L im e s t o n e  
b o u n d a r y  w a s  c i t e d  th e  s y m b o l  h a s  b e e n  l o c a t e d  n e a r b y ,  w i t h i n  the  
a r e a  o f  th e  l im e s t o n e  o u t c r o p .
T h e  d i s t r i b u t i o n  m a p  f o r  C .  o f f i c i n a l i s  i n  D e r b y s h i r e  is  b a s e d  e n t i r e l y  
u p o n  th e  r e c o r d s  in  C la p h a m  (1969). W h i le  a m o r e  r i g o r o u s  s e a r c h  
w o u l d  u n d o u b t e d ly  r e v e a l  f u r t h e r  r e c o r d s  i t  i s  u n l i k e l y  t h a t  th e  ra n g e  
o f  th e  s p e c ie s  in  D e r b y s h i r e  w o u ld  be i n c r e a s e d .
M i n u a r t i a  v e r n a
C l a p h a m  (1969) s ta te s  t h a t  th e  s p e c ie s  is  a n a t i v e  o f  l e a d  m in e  s p o i l  
h e a p s  a n d  l i m e s t o n e  r o c k  le d g e s ,  l o c a l l y  a b u n d a n t  on  o ld  le a d  w o r k i n g s  
a n d  r a r e  e l s e w h e r e .  L i n t o n  (1903) m e n t i o n s  a h a b i t a t  o f  r o c k s  a n d  
b r o k e n  g r o u n d ,  m o s t l y  a m o n g  le a d  m i n e s .  C e r t a i n  r e c o r d s  u n e q u i v o c a l l y  
m e n t i o n  th e  o c c u r r e n c e  o f  th e  s p e c ie s  u n a s s o c ia t e d  w i t h  le a d  m in e  s p o i l .  
I n  C la p h a m  (1969), H a b i t a t  S tu d y  49 r e c o r d s  M .  v e r n a  g r o w in g  on  a s lo p e  
o f  3 7 °  i n  C r e s s b r o o k d a l e . H e r e ,  a t  a n  a l t i t u d e  o f  2 7 5 m  the  s p e c ie s  
g r e w  a s s o c i a t e d  w i t h  F e s t u c a  o v i n a , H e l i c h o t r i c h o n  p r a t e n s e  ( L .  ), 
P i l g e r ,  H i e r a c i u m  p i l o s e l l a . T h y m u s  d r u c e i  a n d  o t h e r  s p e c ie s .  A  
r e c o r d  f r o m  th e  W in n a t s  n e a r  C a s t l e t o n ,  b y  F .  T .  a n d  R . H .  H a l l  and  
s u p p l i e d  b y  M i s s  H o l l i c k  s ta te s  " n o t  a s s o c ia t e d  w i t h  l e a d  m in e  w o r k i n g s  
b u t  o n  r o c k y  o u t c r o p s " .
C o m p a r i s o n  o f  F i g .  6. 2 s h o w in g  the  r a n g e  o f  M .  v e r n a  in  D e r b y s h i r e ,  
w i t h  F i g .  6. 3 o f  the  d i s t r i b u t i o n  o f  m i n e r a l  v e in s  i n  the  S o u th e r n  
P e n n i n e s , s h o w s  a g e n e r a l  c o in c id e n c e  b e tw e a n  the  tw o .  T h e  a r e a  i n  
th e  s o u th  a n d  w e s t  o f  th e  C a r b o n i f e r o u s  L im e s t o n e  o u t c r o p  w i t h o u t  
m i n e r a l i s a t i o n  is  u n o c c u p ie d  b y  M .  v e r n a . T h e  i s o l a t e d  r e c o r d  a t  
E c t o n  r e f e r s  to  t o x i c  s o i l  a s s o c ia t e d  w i t h  th e  E c t o n  H i l l  m i n e s .
C e r t a i n  M .  v e r n a  r e c o r d s  f a l l  o u t s id e  the  m i n e r a l i s e d  a r e a .  T w o  o f  
th e s e  a p p e a r  to  be  f r o m  th e  B u x t o n  a r e a  a n d  b o th  a r e  o ld  r e c o r d s .
O n e  r e c o r d  i s  l a b e l l e d  B u x t o n ,  the  o t h e r  F  a i r f i e l d .  I t  is  p r o b a b le  
t h a t  th e  B u x t o n  r e c o r d  i s  a l o c a t i o n  o f  c o n v e n ie n c e  a n d  t h a t  the  p la n t
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c o u ld  h a v e  b e e n  c o l l e c t e d  f r o m  a n y w h e r e  in  N o r t h e r n  D e r b y s h i r e .
T h e  F a i r f i e l d  r e c o r d  is  p r o b l e m a t i c a l  i n  t h a t  i t  i s  s p e c i f i c .  T h e  
s u b u r b  o f  B u x t o n  n a m e d  F a i r f i e l d  s e e m s  to  be  th e  o n l y  p la c e  o f  t h i s  
n a m e  i n  D e r b y s h i r e .  H o w e v e r  M .  v e r n a  is  fo u n d  to  th e  s o u th  o f  
H e l v e l l y n  in  th e  L a k e  D i s t r i c t  i n  a m o n ta n e  a r e a  g e n e r a l l y  k n o w n  
a s  F a i r f i e l d ;  t h e r e  s e e m s  to  be the  p o s s i b i l i t y  o f  a m i s l o c a t e d  r e c o r d  
h e r e .  N o  m o d e r n  r e c o r d s  e x i s t  f o r  the  B u x t o n  a r e a  a n d  f o r  t h i s  
r e a s o n  a n d  the  r e a s o n s  s ta te d  a b o v e  t h e r e  a r e  g r o u n d s  f o r  s c e p t i c i s m  
a b o u t  b o th  th e  a b o v e  B u x t o n  s p e c im e n s .
T h e  F  y a m  M o o r  a n d  F r o g g a t t  r e c o r d s  a r e  f r o m  L i n t o n ’ s F l o r a  o f  1903. 
F r o g g a t t  i s  c lo s e  to  th e  l im e s t o n e  b o u n d a r y  a n d  th e  r e c o r d  p r o b a b l y  
r e f e r s  to  a n  o c c u r r e n c e  o n  m in e  s p o i l  on  th e  l i m e s t o n e .  T h e  E y a m  
M o o r  r e c o r d  p r e s e n t s  d i f f i c u l t y ,  t h i s  a r e a  l i e s  w e l l  w i t h i n  the  
M i l l s t o n e  G r i t  o u t c r o p .  T h e  g e n e r a l  s i t u a t i o n  i n  D e r b y s h i r e  t h e r e f o r e  
i s  one  o f  th e  r e c e n t  a n d  p r e c i s e l y  l o c a t a b le  r e c o r d s  f o r  M .  v e r n a  
g r o u p in g  w i t h i n  th e  m i n e r a l i s e d  a r e a s  w h i l e  c e r t a i n  o l d e r  r e c o r d s  
f a l l  o u t s i d e .
A n  e x c e p t i o n  i s  th e  r e c o r d  f o r  M .  v e r n a  f r o m  S l a g m i l l  P la n t a t i o n .  The
B . S . B . I .  i n f o r m a t i o n  s h o w s  th e  s p e c ie s  to  h a v e  b e e n  k n o w n  h e r e  f r o m  
1 9 6 0 -1 9 6 9 ,  g r o w i n g  " o n  a c i d  b a n k  o f  b r o o k ,  ? w a s te  f r o m  r o a d  
• w o r k s " .  T h e  s i t e  w a s  v i s i t e d  i n  1972 a n d  th e  w a s te  h e a p s  w e r e  
f o u n d  t o  c o n t a in ,  i n  a d d i t i o n  to  l i m e s t o n e  f r a g m e n t s ,  s la g  l i k e ,  
a p p a r e n t l y  s m e l t e d  m a t e r i a l .  A n a l y s i s  o f  s a m p le s  f r o m  th i s  l o c a l i t y  
s h o w e d  one le a d  c o n c e n t r a t i o n  o f  107, 000 p p m  a n d  s e v e r a l  a b o v e  
2 5 ,  000  p p m .  Z i n c  w a s  g e n e r a l l y  l o w  a t  a r o u n d  4, 500 p p m .  O ne 
s a m p le  h a d  a p H  o f  7. 0, a  t o t a l  c a l c i u m  l e v e l  o f  7, 850 p p m  a n d  a n  
o r g a n i c  c a r b o n  c o n te n t  o f  3%. T h e  l o c a l i t y  a p p e a r s  to  h a v e  b e e n  
a n  o ld  s m e l t e r  s i t e ;  th e  n a m e ,  o f  c o u r s e ,  s u g g e s ts  t h i s .  O r e  m u s t  
h a v e  b e e n  t r a n s p o r t e d  t o  th e  s i t e  f r o m  th e  B a k e w e l l  a r e a  o r  f r o m  
th e  A s h o v e r  f i e l d ,  i n  e i t h e r  c a s e  a d is t a n c e  o f  s e v e r a l  k i l o m e t r e s  
i s  i n v o l v e d .  F u r t h e r  i n f o r m a t i o n  a b o ü t  th e  s i t e  has  n o t  b e e n  
o b ta in e d .  In  v i e w  o f  th e  d e m o n s t r a te d ,  t r a n s p o r t  o f  o r e  o n to  th e
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e a s t e r n  g r i t s  f o r  s m e l t i n g  p u r p o s e s  i t  s e e m s  p o s s ib le  th a t  the  o ld  
E y a m  M o o r  r e c o r d  w a s  f r o m  s u c h  a s i t e ,  p e r h a p s  n o w  d is a p p e a r e d .
I t  i s  i n t e r e s t i n g  to  n o te  t h a t  a l o c a l i t y  j u s t  to  the  n o r t h  o f  E y a m  M o o r  
i s  k n o w n  as  B o le  H i l l ,  B o le  H i l l  b e in g  f a c e d  b y  S m e l t i n g  H i l l  a c r o s s  
th e  v a l l e y  o f  H i g h l o w  B r o o k .
A s  w i l l  be  s h o w n  i n  th e  f o l l o w i n g  c h a p t e r s  a t  M a lh a m ,  a t  E l l e r  B e c k  
a n d  a t  D o l f r w y n o g  i n  W a le s  h e a v y  m e t a l  h a b i t a t s  u n a s s o c ia t e d  w i t h  
m i n i n g  a c t i v i t y  h a v e  b e e n  l o c a t e d .  S o m e  o f  th e s e  a r e  d i f f i c u l t  to  
i d e n t i f y  i n  th e  f i e l d ;  m e t a l  c o n c e n t r a t i o n s  a r e  o f t e n  l o w e r  a n d  
p h y s i c a l  c o n d i t i o n s  l e s s  s e v e r e  th a n  o n  s p o i l  h e a p s  a n d  the  e f f e c t s  
o n  th e  v e g e t a t i o n  a r e  c o r r e s p o n d i n g l y  l e s s  m a n i f e s t .  O f te n  th e s e  
h a b i t a t s  a r e  i d e n t i f i a b l e  s o l e l y  b y  th e  p r e s e n c e  o f  a n  i n d i c a t o r  s p e c ie s ,  
th e  m e t a l  c o n c e n t r a t i o n s  b e c o m in g  e v id e n t  f r o m  s u b s e q u e n t  a n a l y s i s .  
T h a t  s u c h  h a b i t a t s  a r e  m i n e r a l i s e d  m a y  n o t  be r e a l i s e d  b y  a p e r s o n  
c o l l e c t i n g  d i s t r i b u t i o n  r e c o r d s  and i t  i s  i m p o r t a n t  to  ta k e  a c c o u n t  o f  
t h i s  w h e n  c o n s i d e r i n g  th e  d i s t r i b u t i o n  o f  s p e c ie s  s u c h  as  M .  v e r n a .
S o m e t im e s  m e t a l l i f e r o u s  h a b i t a t s  c r e a t e d  b y  m a n  m a y  a l  so go  u n ­
r e c o g n i s e d  b y  b o t a n i c a l  r e c o r d e r s .  A  ca se  i n  p o i n t  i s  t h a t  o f  the  
S l a g m i l l  P l a n t a t i o n  s i t e  f o r  M .  v e r n a  j u s t  d is c u s s e d .  H e r e  a h e a p  
o f  s la g  a n d  s p o i l  w a s  t h o u g h t  t o  be  w a s te  f r o m  r o a d  w o r k s .  T h is  is  
n o t  to  i m p l y  a n y  c r i t i c i s m  o f  th e  r e c o r d e r ' s  p o w e r s  o f  o b s e r v a t i o n ,  
m i s i d e n t i f i c a t i o n  a r i s e s  f r o m  the  d i f f i c u l t y  o f  i d e n t i f i c a t i o n .  I t  is  
r e a s o n a b l y  e a s y  to  i d e n t i f y  s p o i l  w h e n  i t  i s  i n  th e  n o r m a l  p la c e  - 
o n  a s p o i l  h e a p .  W h e n  i t  h a s  b e e n  u s e d  to  f i l l  i n  h o le s  in  a t r a c k ,  
to  b o l s t e r  u p  a s to n e  w a l l  o r  e s p e c i a l l y  w h e n  i t  i s  m i x e d  u p  w i t h  
s c r e e  m a t e r i a l  o n  a s te e p  s lo p e  i t s  o r i g i n  m a y  b e  o b s c u r e  a n d  be 
u n r e c o g n i s e d  a n d  i f  i n d i c a t o r  p la n t s  g r o w  o n  the  s i t e  t h e n  i t  m a y  
a l s o  n o t  be r e a l i s e d  t h a t  t h e y  a r e  p r e s e n t  due to  t o x i c i t y .
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Xhe c o m p le t e  a b s e n c e  o f  Ivl, v e r n a  f r o m  m o s t  a r e a s  o f  the  C a r b o n i f e r o u s  
L i m e s t o n e  b e y o n d  the  p e r i p h e r y  o f  th e  o r e f i e l d  a n d  the  p o s s i b i l i t y  
t h a t  c e r t a i n  m e t a l l i f e r o u s  s i t e s  m a y  n o t  h a v e  b e e n  r e c o g n i s e d  s u g g e s ts  
t h a t  a d e t a i l e d  i n v e s t i g a t i o n  o f  th e  a p p a r e n t l y  n o n - m e t a l l i f e r o u s  
h a b i t a t s  o f  th e  s p e c ie s  i n  th e  S o u th e r n  P e n n in e s  w o u ld  be v a lu a b le .
M .  v e r n a  i s  n o t  fo u n d  i n  c e r ta in  a r e a s  o f  m i n e r a l i s a t i o n  in  D e r b y s h i r e ,  
i n  p a r t i c u l a r  the  m i n e s  a t  C a r d e r  L o w  n o r t h  o f  H a r t i n g t o n  a n d  the  
W e t t o n  M i n e s .  T w o  s a m p le s  f r o m  the  s m a l l  and  r a t h e r  o v e r g r o w n  
h e a p s  a t  C a r d e r  L o w  s h o w e d  C a / H M  r a t i o s  o f  3. 9 a n d  5. 63 , th e  s p o i l  
h e r e  d o e s  n o t  s e e m  s u f f i c i e n t l y  t o x i c  i n  r e l a t i o n  to  th e  t o x i c i t y  t h r e s h o ld  
p r o p o s e d  f o r  M .  v e r n a  i n  D e r b y s h i r e .  T h r e e  s a m p le s  o f  r e l a t i v e l y  
b a r e  s p o i l  f r o m  th e  m in e s  a t  W e t to n  s h o w e d  C a / H M  r a t i o s  o f  1. 58,
2 .1 4  a n d  4 .1 8 .  A t  le a s t  s o m e  o f  th e  s p o i l  h e r e  s e e m s  s u f f i c i e n t l y  
t o x i c  a n d  s u f f i c i e n t l y  u n c o lo n i z e d  to  s u p p o r t  M .  v e r n a  a n d  th e  re a s o n s  
f o r  i t s  a b s e n c e  f r o m  th e  s i t e  a r e  n o t  a p p a r e n t .
T h l a s p i  a l p e s t r e
F i g ,  6. 4 s h o w s  th e  r a n g e  o f  t h i s  s p e c ie s  in  D e r b y s h i r e .  T h e  p la n t  
i s  c o n f i n e d  to  th e  a r e a  o f  m i n e r a l i s a t i o n  i n  th e  s o u th  e a s t  o f  the  l i m e ­
s to n e  o u t c r o p  a n d  o c c u r s  a l s o  o n  th e  C r i c h  i n l i e r  b u t  n o t  a t  A s h o v e r .
T h e  a b s e n c e  f r o m  N o r t h e r n  D e r b y . s h i r e  r e p r e s e n t s  a b r e a k  i n  the  
r a n g e  o f  a s p e c ie s  w h i c h  o c c u r s  o n  m i n i n g  s p o i l  f r o m  B e l g i u m  a n d  
th e  M e n d ip s  to  th e  N o r t h e r n  P e n n in e s ;  a c l i m a t i c  e x p la n a t i o n  o f  th e  
r a n g e  o f  th e  s p e c ie s  i n  D e r b y s h i r e  s e e m s ,  o n  t h i s  b a s i s ,  u n te n a b le .
T h e  r e c o r d s  w e r e  a s s e m b le d  f r o m  th e  s a m e  s o u r c e s  as u s e d  f o r  
M .  v e r n a . L i n t o n  (1903) m e n t i o n s  a r e c o r d  o f  th e  s p e c ie s  f r o m  
C a s t l e t o n ,  no  l a t e r  r e c o r d s  e x i s t .  L i n t o n ' s  r e c o r d  a p p e a r s  to  be 
d e r i v e d  f r o m  a B o t a n i c a l  d e s c r i p t i o n  o f  th e  M id l a n d  C o u n t ie s  b y  
P u r t o n  (1817, 1821); i n  th e  d i s c u s s i o n  w h i c h  f o l l o w s  n o  i m p o r t a n c e  
h a s  b e e n  a t t a c h e d  to  t h i s  r e c o r d .
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Recorded sites for Thlaspi alpestre in the Southern Pennines
^ -------------- ^  .H ope
^  Recorded sites,Thlaspi alpestre 
C ?  Boundary of Carboniferous Limestone
Castleton
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5 M iles
Kms
Dove Holes
Froggatt
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Buxton Baslow
,Taddington
Chelmorton
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Youlgreave
Sheen Matlock
f  Winster
Hartington
Pikehall
#  Ecton
Butterton
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Figure 6. 4
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C la p h a m  (1969) d e s c r i b e s  T .  a l p e s t r e  as a s p e c ie s  o f  s p o i l  h e a p s  on 
o l d  le a d  w o r k i n g s ,  l e s s  c o m m o n  nn  r o c k s  a n d  w a l l s  a n d  in  w o o d s  on 
th e  C a r b o n i f e r o u s  L i m e s t o n e .  L i n t o n  (1903) s ta te s  the  h a b i t a t  to  be 
l i m e s t o n e  r o c k s  a n d  w a l l s .  H e  c i t e s  a r e c o r d  o f  th e  s p e c ie s  f r o m  a 
w o o d  b e tw e e n  M a t l o c k  B r i d g e  a n d  B r i g h t g a t e ;  t h i s  a p p e a r s  to  be 
J u g h o le  W o o d .  M i s s  H o l l i c k  i n  h e r  r e c o r d s  i n d i c a t e d  the  l o c a l i t i e s  
f o r  th e  s p e c ie s  k n o w n  to  be f r o m  le a d  w o r k i n g s ,  one  o f  th e s e  w a s  
f r o m  C lo u g h  W o o d ,  W e n s le y .  She h a s  o b s e r v e d  th e  s p e c ie s  a t  the  
o l d  H i g h  P e a k  r a i l w a y  c u t t i n g  a t  L o n g c l i f f  w h e r e  th e  p l a n t  g r e w  on  
r a b b i t  d i g g in g s .
I n  v i e w  o f  th e  f a i r l y  l a r g e  n u m b e r  o f  s i t e s ,  th e  i m p r e c i s e  n a t u r e  o f  
m a n y  o f  t h e m  a n d  th e  c o n s e q u e n t  i m p o s s i b i l i t y  o f  c h e c k in g  t h e m  i t  
i s  i m p o s s i b l e  to  be  f i r m  o n  th e  p o i n t  b u t  i t  i s  b e l i e v e d  t h a t  the 
s i t u a t i o n  i n  D e r b y s h i r e  i s  one  o f  le a d  s p o i l  h e a p s  i n  w o o d s ,  h e a v y  
m e t a l  c o n t a m i n a t e d  w a l l s  a n d  r a b b i t  b u r r o w s  in  s p o i l .  I n  t h is  
r e s p e c t  i t  i s  i n t e r e s t i n g  to  n o te  t h a t  th e  s o i l  i n  th e  i n t e r s t i c e s  o f  a 
d r y  s to n e  w a l l  n e a r  a m i n e  to  th e  s o u th  o f  U p p e r  T o w n  ( U p p e r  T o w n ,  
T a b le  6. 10), s o i l  i n  w h i c h  T .  a l p e s t r e  a n d  M .  v e r n a  g r e w ,  c o n ta in e d  
7 4 ,  800  p p m  le a d .  A s  h a s  b e e n  p o in t e d  o u t  p r e v i o u s l y  t h a t  s i t e s  s u c h  
a s  t h i s  h a v e  n o t  b e e n  r e c o g n i s e d  as  m i n e r a l i s e d  i s  n o t  a r e f l e c t i o n  
u p o n  th e  o b s e r v e r s  b u t  r a t h e r  u p o n  th e  w i d e s p r e a d  d i s s e m i n a t i o n  
o f  t o x i c i t y  i n  th e  m i n e  a r e a s  a n d  th e  d i f f i u l t y  o f  r e c o g n i s i n g  t o x i c  
s o i l ,  e v e n  i f  t h a t  s o i l  be  s p o i l  d e r i v e d ,  u n d e r  c e r t a i n  c o n d i t i o n s .
T h i s  d o e s  n o t  o f  c o u r s e  e x p la i n  the  a b s e n c e  o f  th e  s p e c ie s  f r o m  th e  
m i n e r a l i s e d  a r e a s  o f  n o r t h  D e r b y s h i r e .  In  C lap^ham  (1969) i t  is  s ta te d  
t h a t  " t h e  s p e c ie s  c o m p o s i t i o n  o f  th e  s p o i l  h e a p s  d e p e n d s  p r i m a r i l y  on 
th e  a b u n d a n c e  o f  r o c k  c o n t a in in g  le a d  o r e .  W h e r e  a m o u n ts  a r e  h ig h  
F e s t u c a  o v in a  a n d  M i n u a r t i a  v e r n a  a r e  th e  o n l y  s p e c ie s ,  w^here th e r e  
i s  a g r e a t e r  a d m i x t u r e  o f  l i m e s t o n e  a m o r e  s p e c ie s  r i c h  v e g e t a t io n ,  
c o n t a in in g  C o c h l e a r i a  o f f i c i n a l i s  i n  th e  C a s t l e t o n  area a n d  T h la s p i  
a l p e s t r e  i n  th e  M a t l o c k  a r e a ,  d e v e lo p s " .  T h e  i m p l i c a t i o n  o f  t h i s  
s t a t e m e n t  s e e m s  to  be  t h a t  T h l a s p i  a l p e s t r e  is  p r e s e n t  i n  th o s e
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s p o i l  a r e a s  w i t h  l o w e r  h e a v y  m e t a l  c o n c e n t r a t i o n s ,  le a d  b e in g  s in g le d  
o u t .  T h i s  d o e s  n o t  s e e m  to  be t r u e ,  T .  a l p e s t r e  w a s  f o u n d  a t  U p p e r  
T o w n  i n  s p o i l  w i t h  a le a d  c o n c e n t r a t i o n  o f  74, 800 p p m  a n d  on  the 
Y o u lg r e a v e  T r .  1 i n  s p o i l  w i t h  l e a d  c o n c e n t r a t i o n s  in  th e  r e g i o n  o f  
6 0 , 0 0 0  p p m .  I n s p e c t i o n  o f  T a b le  6 .10  s h o w s  t h a t  th e s e  le a d  c o n c e n ­
t r a t i o n s  a r e  a m o n g  the  h ig h e s t  fo u n d  in  s p o i l  i n  the  S o u t h e r n  P e n n in e  
o r e f i e l d .  I t  d o e s  n o t  a p p e a r  to  be th e  ca s e  e i t h e r  t h a t  th e  s p o i l s  w i t h  
T .  a l p e s t r e , e v e n  th o u g h  c o n t a in in g  la r g e  q u a n t i t i e s  o f  le a d ,  a r e  le s s  
t o x i c  due to  h ig h  c a l c i u m  c o n c e n t r a t i o n s .  T a b le  6.11 s h o w s  th a t  the  
C a / H M  r a t i o s  i n  s p o i l  f r o m  s i t e s  w i t h  T .  a l p e s t r e  a r e  c o m p a r a b le  
w i t h  th o s e  i n  s o m e  o f  th e  s p o i l s  f r o m  p la c e s  w h e r e  the  p la n t  does  n o t  
o c c u r .  I n  th e  M e n d ip s  a n d  i n  the  A a c h e n - L i e g e  o r e f i e l d  T .  a l p e s t r e  
o c c u r r e d  on  s la g s  w i t h  l o w  p H  v /h ic h ,  i t  w a s  s u g g e s te d ,  w e r e  q u i te  
t o x i c ,  so  t o x i c  t h a t  M .  v e r n a  d id  n o t  g r o w  on  t h e m .  A n  e x p la n a t io n  
w h i c h  s u g g e s t s  t h a t  T .  a l p e s t r e is  a b s e n t  f r o m  c e r t a i n  s p o i l s  i n  
D e r b y s h i r e  due  to  e x c e s s i v e  t o x i c i t y  is  n o t  s u p p o r t e d  b y  the  a n a ly s e s  
p r e s e n t e d  h e r e  a n d  i n  v i e w  o f  the  p r e s e n c e  o f  th e  s p e c ie s  on  q u i te  
t o x i c  s u b s t r a t e s  e l s e w h e r e  s e e m s  u n l i k e l y .
T .  a l p e s t r e  i s  o f t e n  f o u n d  w h e r e  t h e r e  is c o n s id e r a b le  o r g a n i c  m a t t e r  
a c c u m u l a t i o n  i n  th e  s p o i l .  A t  B r a s s i n g t o n  S3 a n d  B o n s a l l  M o o r  S3 
( T a b le  6.11) th e  s p e c ie s  o c c u r r e d  in  s p o i l  w i t h  a n  o r g a n i c  c a r b o n  
c o n t e n t  g r e a t e r  t h a n  20% . T h e  s p e c ie s  w a s  p r e s e n t  i n  the  M e n d ip s  
a t  S h ip h a m  i n  s p o i l  c o n t a in in g  o r g a n i c  c a r b o n  l e v e l s  b e tw e e n  12% 
a n d  29% . I n  t h e s e  s i t e s  w i t h  h ig h  o r g a n i c  c a r b o n  c o n te n ts  M .  v e r n a  
i s  o f t e n  a b s e n t ,  the  v e g e t a t i o n  is  o f t e n  m o r e  o r  le s s  c lo s e d  a n d  i t  
a p p e a r s  t h a t  T .  a l p e s t r e  m a y  be a l i t t l e  m o r e  t o l e r a n t  o f  c o m p e t i t i o n  
t h a n  M .  v e r n a .  T h e  p r e s e n c e  o f  T .  a l p e s t r e  i n  s p o i l  w i t h  m u c h  
o r g a n i c  m a t t e r  w h e n  i t  i s  f r e q u e n t l y  n o t  p r e s e n t  i n  s p o i l  n e a r b y  
w h i c h  is  b a r e  a n d  u n s ta b le  s u g g e s ts  t h a t  the  p la n t  m a y  be m o r e  
s e n s i t i v e  t h a n  M .  v e r n a  to  e d a p h ic  c o n d i t io n s  s u c h  as  d r o u g h t .
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T h e  s p o i l  f r o m  H ig h  R a k e  T r .  1 w a s  m u c h  m o r e  c o a rs e  g r a in e d  th a n  
th a t  f r o m  Y o u lg r e a v e  T r .  1 w h e re  T .  a lp e s t r e  o c c u r r e d  a n d  i f  i t  is  
g e n e r a l ly  th e  c a s e  th a t  th e  s p o i ls  o f  th e  n o r t h e r n  p a r t  o f  th e  o r e f ie ld  
a re  m o r e  c o a rs e  th a n  th o s e  in  th e  s o u th  th e n  th is  m a y  be h a v in g  s o m e  
in f lu e n c e  on  th e  d i s t r i b u t io n  o f  th e  s p e c ie s  in  th e  o r e f ie ld .
W o r k  d o n e  b y  R i le y  (1956) s u g g e s ts  a n  in t e r e s t in g  p o s s ib i l i t y  in  r e la t io n  
to  th e  p e c u l ia r  d is t r ib u t io n  o f  T .  a lp e s t r e  in  D e r b y s h i r e .  H e  m e n t io n e d  
th e  p o o r  d is p e r s a l  c a p a b i l i t ie s  o f  th e  s p e c ie s  a n d  s u g g e s te d  th a t  m u c h  
o f  th e  m ig r a t io n  o f  th e  p la n t  h a s  b e e n  a c h ie v e d  w i t h  h u m a n  a s s is ta n c e ,  
t r a n s p o r t  in  o re  f o r  e x a m p le .  In  D e r b y s h ir e  th e  w e s te r n  edge o f  the  
ra n g e  o f  th e  s p e c ie s  c o in c id e s  w i t h  th e  w e s te r n  b o r d e r  o f  th e  o r e f ie ld ,  
th e  n o r t h e r n  w i t h  th e  d e e p  v a l le y  o f  th e  R iv e r  B r a d f o r d  a n d  the  
w e s t e r ly  e x te n s io n  o f  th e  M i l ls t o n e  G r i t .  In  e x te n d in g  to  Y o u lg re a v e  
th e  s p e c ie s  o c c u p ie s  a n a r r o w  c o r r i d o r  b e tw e e n  th e  M i l ls t o n e  G r i t  
a n d  th e  w e s te r n  e dge  o f  th e  o r e f ie ld .
T o  m ig r a t e  n o r th w a r d s  f r o m  Y o u lg re a v e  th e  s p e c ie s  w o u ld  h a ve  to  
a s c e n d  th e  n o r t h e r n  s lo p e  o f  th e  B r a d fo r d  v a l le y  a n d  re a c h  th e  m in e s  
o n  th e  p la te a u  s u r fa c e .  T h e  n e a r e s t  m e t a l l i f e r o u s  s i te  n o r th w a r d s  
f r o m  Y o u lg re a v e  is  th e  v e r y  s m a l l  s p o i l  h e a p  to  th e  w e s t  o f  B o m b e r  d a le  
H a l l  w h ic h  s u p p o r te d  a s m a l l  M .  v e r n a  p o p u la t io n .  A  s h o r t  d is ta n c e  
n o r t h  a g a in  a re  th e  L o n g  R a k e  w o r k in g s  b u t  th e r e  a re  fe w  s p o i l  
h e a p s  a s s o c ia te d  w i t h  th e  r a k e .  T o  th e  n o r th  o f  L o n g  R a k e  is  a 
f u r t h e r  g a p  o f  o v e r  one k i lo m e t r e  to  th e  m in e s  o f  L a t h k i l ld a le  a n d  
n o t  u n t i l  th e  m in e s  in  th e  M o n y a s h ,  F la g g  a n d  S h e ld o n  a re a  a re  
re a c h e d  is  th e r e  a r e g io n  o f  c o n c e n t r a t io n  o f  m in e r a l  v e in s  w i t h  m a n y  
m in e s  a n d  s p o i l  h e a p s .
I f ,  a s  R i le y  (1956) s u g g e s ts ,  m ig r a t io n  o f  T .  a lp e s t r e  w i t h in  the  
o r e f ie ld s  h a s  b e e n  a c h ie v e d  b y  m e a n s  o f th e  a g e n c ie s  o f  m a n  th e n  
th e  d e e p  v a l le y  o f  th e  R iv e r  B r a d f o r d  a t  Y o u lg re a v e ,  th e  n o r t h e r n  
b o u n d a r y  f o r  T .  a lp e s t r e , w o u ld  p r o b a b ly  he a n  o b s ta c le  a c r o s s  w h ic h
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t h e r e  w o u ld  be r e la t i v e l y  l i t t l e  m in in g  t r a f f i c ,  e s p e c ia l ly  t r a n s p o r t  o f 
o r e .  T h e re  w o u ld  t h e r e fo r e  be r e la t i v e l y  l i t t l e  d is p e r s a l  o f T .  a lp e s t r e  
a c r o s s  th e  R iv e r  B r a d fo r d .  T h e r e  a re  a ls o  r e la t i v e l y  fe w  s p o i l  
d u m p s  in  th e  im m e d ia te  a r e a  n o r t h  o f  the  r i v e r  f o r  th e  s p e c ie s  to  
o c c u p y  a n d  b e c a u s e  o f  th is  th e  c h a n c e  o f  s u c c e s s fu l  d is p e r s a l  w i l l  be 
f u r t h e r  re d u c e d .  I t  s e e m s  p o s s ib le  th a t  th e  n o r t h e r n  b o u n d a ry  o f  
T .  a lp e s t r e  in  D e r b y s h ir e  is  a fu n c t io n  o f  th e  p o o r  d is p e r s a l  c a p a ­
b i l i t i e s  o f  th e  s p e c ie s .
C o c h le a r ia  o f f i c in a l i s
T h is  s p e c ie s ,  a c c o r d in g  to  C la p h a m  (1969) is  one o f  n o r t h  fa c in g  
c l i f f s  o n  th e  C a r b o n i fe r o u s  L im e s to n e  a n d  a c o lo n is t  o f  r e c e n t ly  
r e w o r k e d  s p o i l  o n  th e  l im e s to n e  p la te a u .  C . o f f i c in a l i s  ( F ig .  6. 5) 
s h o w s  a b ip o la r  d is t r ib u t io n  in  D e r b y s h i r e ,  o c c u r r in g  a ro u n d  C a s  t ie  to n  
a n d  M a t lo c k .  H a b i ta t  S tu d y  69 a l r e a d y  q u o te d  f r o m  C la p h a m  (1969) 
s ta te s  th e  s p e c ie s  to  o c c u r  o n  c a lc a re o u s  h e a p s  in  th e  tw o  a re a s .
C .  o f f i c i n a l i s  h a s  b e e n  e n c o u n te re d  in  th is  s tu d y  o n ly  a t  D i r t l o w  R a k e  
a n d  th e  O d in  M in e  w h e re  i t  g r e w  o n  s p o i l  w i t h  h ig h  c a lc iu m  le v e ls .
T h e  s p e c ie s  d o e s  n o t o c c u r  o n  th e  m o r e  s o u th e r ly  o f  th e  c a lc a re o u s  
n o r t h e r n  r a k e s .  T h is  is  in t e r e s t in g  as  h a b ita t  c o n d it io n s  in th e  
i n i t i a l  q u a d r a ts  o f  H ig h  R a k e  a p p e a re d  to  be v e r y  s im i l a r  to  th o s e  
a t  D i r t l o w  R a k e .  T h e  ra n g e  o f  th is  s p e c ie s  in  D e r b y s h ir e  r e q u i r e s  
f u r t h e r  s tu d y .
6 . 4_____ H is t o r i c a l  a s p e c ts  o f  th e  d is t r ib u t io n s  o f  th e  in d ic a to r  s p e c ie s
in  th e  S o u th e rn  P e n n in e  o r e f ie ld
I t  a p p e a rs  t h a t  in  th e  S o u th e rn  P e n n in e s , as  in  o th e r  m in in g  a r e a s ,  
s p o i l  f r o m  m in in g  o p e ra t io n s ,  e v e n  s p o i l  c o n ta in in g  f a i r l y  h ig h  
c o n c e n t r a t io n s  o f  h e a v y  m e ta l  is ,  in  t im e ,  o c c u p ie d  b y  c lo s e d  
v e g e ta t io n  c o m m u n it ie s  to  th e  e x c lu s io n  o f  th e  in d ic a to r  s p e c ie s .  
H i s t o r i c a l  e v id e n c e  f r o m  th e  B r i t i s h  I s le s  g e n e r a l ly ,  as  p o in te d  o u t 
In  C h a p te r  1, d o e s  n o t  s e e m  to  s u g g e s t th a t  th e  in d ic a t o r  s p e c ie s
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w e r e  im p o r t a n t  to  th e  o ld  m in e r s  f o r  p r o s p e c t in g  p u rp o s e s  and  the  
h i s t o r i c a l  r e c o r d  f u r t h e r  s u g g e s ts  th a t  th e  v e in s  w e re  o f te n  n o t 
e v id e n t  a t  th e  s u r fa c e .
In  th e  S o u th e rn  P e n n in e s  a t  th e  p r e s e n t  t im e  t r e e s ,  e s p e c ia l ly  A c e r  
p s e u d o p la to n u s  L .  , a r e  o f te n  p r e s e n t  on  th e  w o r k in g s .  E v e n  i f  n o i  
p r e s e n t  in  th e  m o s t  t o x ic  a re a s  th e y  s o m e t im e s  sh a d e  th e  s p o i l  
h e a p s  a n d  m u s t  s u p p ly  o r g a n ic  m a t t e r  in  l i t t e r  f a l l  to  th e  m o re  to x ic  
s i t e s .  In  a n  a re a  o f  n a r r o w  z o n e s  o f  m in e r a l i s a t io n  s u c h  as  th e  
S o u th e r n  P e n n in e s  c o v e re d  w i t h  s o i ls  in  p a r t  d e r iv e d  f r o m  m a t e r ia l  
o f  a e o l ia n  o r i g i n  ( P ig o t t  , 1962) a n d  t r e e s ,  p e rh a p s ,  c lo s e ly  b o r d e r in g  
th e  m e t a l  r i c h  a re a s  i t  s e e m s  u n l ik e ly ,  due to  th e  a c t io n  o f  s u c c e s s io n ,  
th a t  f o r  m u c h  o f  th e  P o s t  G la c ia l  p e r io d  to x ic  o p e n  h a b i ta ts ,  o c c u p ie d  
b y  M in u a r t i a  v e r n a  a n d  T h la s p i  a lp e s t r e , e x is te d  o n  th e  l im e s to n e  
p la te a u .  O n ly  w h e re  m in e r a l  v e in s  r e m a in e d  e x p o s e d  is  i t  l i k e l y  
t h a t  c o n d i t io n s  w e re  s u ita b le  f o r  th e  s u r v iv a l  o f  the  tw o  s p e c ie s  f r o m  
th e  e n d  o f  th e  la s t  g la c ia t io n ,  w h e n  th e y  w e re  p r e s u m a b ly  m o r e  w id e ­
s p r e a d ,  to  th e  o n s e t  o f  m in in g  a c t i v i t y .  M a in te n a n c e  o f a n  o p e n  
h a b i t a t  c o m b in e d  w i t h  h ig h  t o x i c i t y  is  o n ly  l i k e l y  to  h a ve  o c c u r r e d  
w h e r e  th e  p r o c e s s e s  o f  s u c c e s s io n  w e re  p r e v e n te d ,  p r o b a b ly  w h e re  
m in e r a l  v e in s  o u tc ro p p e d  o n  s te e p  l im e s to n e  c l i f f s  o r  s c re e s  a n d  
i n s t a b i l i t y  c o m b in e d  w i t h  t o x i c i t y  in  m a in ta in in g  th e  o p e n  c o n d it io n .
T K s  is  o f  c o u r s e  c o m p a ra b le  w i t h  th e  id e a s  o f  P ig o t t  a n d  W a lte r s  
(1 9 5 4 ) c o n c e r n in g  o th e r  s p e c ie s  o f  d is c o n t in u o u s  d is t r i  b u t io n  in  
o p e n  h a b i t a t s .  In d e e d  th e s e  p o s tu la te d  s u r v iv a l  s i te s  m a y  be 
c o n s id e r e d  to  be " h e a v y  m e ta l  r é f u g ia " .  T h is  s u r v iv a l  s i te  h y p o ­
th e s is  s u p p o s e s  m o v e m e n t  b y  th e  m e ta l  t o le r a n t  s p e c ie s  o u t o f 
th e  r é f u g ia  in  re s p o n s e  to  h a b ita ts  m a d e  a v a i la b le  b y  m in in g  o p e ra t io n s ,
I t  h a s  b e e n  s u g g e s te d  th a t  T .  a lp e s t r e  in  D e r b y s h i r e  is  e n t i r e ly  
a s s o c ia te d  w i t h  m in e r a l i s a t io n  a n d  th a t  M . v e r n a  a p p e a rs  to  be v e r y  
s t r o n g ly  a s s o c ia te d  w i t h  th e  s a m e . C . o f f i c in a l i s  h a s  n o t  b e e n
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c o n s id e r e d  in  a n y  d e t a i l  b u t  m a n y  o f  th e  o b s e r v a t io n s  m a d e  in  r e s p e c t  
o f  T .  a lp e s t r e  a n d  M . v e r n a , p a r t i c u l a r l y  th e  p o s s ib i l i t y  o f u n ­
d is t u r b e d  m in e r a l i s e d  h a b i ta ts  b e in g  u n r e c o g n is e d  b y  f i e ld  o b s e r v e r s ,  
s e e m  l i k e l y  to  a p p ly .  A  c o m b in a t io n  o f  th e  ra n g e s  o f  the  th re e  
s p e c ie s  s e e m s  to  s u g g e s t  re fu g e  a re a s  in  th e  r e g io n s  o f C a s t le  to n  
a n d  M a t lo c k .  T h e  c l i f f s  o f  th e  V / in n a ts  , f o r  w h ic h  th e re  is  a r e c o r d  
f o r  M .  v e r n a  f r o m  a s i te  n o t a s s o c ia te d  w i t h  m in in g ,  w o u ld  a p p e a r  
to  be  a s u i ta b le  a r e a ,  f o r  th e r e  s te e p  n o r t h  fa c in g  l im e s to n e  c l i f f s  
c o in c id e  w i t h  z o n e s  o f  m in e r a l i s a t io n .  T h e  s te e p  c l i f f s  in  the  
M a t lo c k  a r e a  m a y  a ls o  h a v e  o f f e r e d  s im i l a r  c o n d it io n s .
1 5 6
CHAPTER 7.
E L L E R  B E C K :  V /E N S L E Y D A L E
7 . 1_______ In t r o d u c t io n
W e n s le y d a le  is  one o f  th e  m a in  a re a s  o f  e x p o s u re  o f  th e  Y o re d a le  
s e r ie s  in  the  P e n n in e  s a n d  the  d is t in c t iv e  p h y s io  g r a p h ic a l  fe a tu r e s  
o f  th e  E l l e r  B e c k  r e g io n  h a v e  t h e i r  o r ig in s  in  th e  p a r t i c u la r  
c h a r a c t e r i s t i c s  o f  th is  C a r b o n i fe r o u s  fa c ie s .
T h e  Y o r e d a le  s e r ie s  a r e  in  e x c e s s  o f  3 0 0 m  t h ic k  in  th e  a r e a  and  a re  
c o m p o s e d  o f  a r h y t h m ic  s u c c e s s io n  o f s h a le ,  s a n d s to n e  a n d  l i m e ­
s to n e  r e p e a te d  m a n y  t im e s .  T h e  s e r ie s  w a s  d e p o s ite d  in  a 
C a r b o n i f e r o u s  se a  o f  e v e r c h a n g in g  d e p th , the  l im e s to n e s  r e p r e s e n t  
d e e p e r  w a te r  c o n d it io n s  w e l l  o f fs h o r e  a n d  th e  s h a le s  a n d  s a n d s to n e s  
r e l a t i v e l y  s h a l lo w ,  a t  t im e s  d e l t a ic ,  c o n d it io n s  n e a r e r  to  th e  m a r g in  
o f  th e  C a r b o n i f e r o u s  c o n t in e n t  w h ic h  la y  to  th e  n o r th .
S u b s e q u e n t to  th e  d e p o s i t io n  o f  th e  Y o re d a le  r o c k s  a n d  th e  o v e r ly in g  
b e d s  o f  th e  M i l l s t o n e  G r i s t  a n d  C o a l M e a s u re s  the  a r e a  w a s  
a f f e c te d  b y  th e  A r m o r i c a n  e a r t h  m o v e m e n ts .  F o ld in g  d id  n o t  o c c u r  
to  a n y  e x te n t  in  th e  r e g io n  b u t  th e re  w a s  c o n s id e r a b le  m o v e m e n t  
a lo n g  th e  la r g e  fa u l t s  o f  th e  n o r t h e r n  a n d  c e n t r a l  P e n n in e s ,  the  
C r a v e n  f a u l t s  in  th e  s o u th  a n d  th e  D e n t a n d  P e n n in e  fa u l t s  in  th e  
w e s t .  G r e a t e r  u p l i f t  o c c u r r e d  in  th e  w e s t  a n d  a s  a r e s u l t  the  
s t r a t a  s h o w  a g e n e r a l  r e g io n a l  d ip  to w a rd s  th e  e a s t  a t  th e  p r e s e n t  
d a y . S o m e  s l ig h t  f o ld in g  to o k  p la c e  la t e r  in  th e  o r o g e n ic  e p is o d e  
a n d  th is  h a s  p ro d u c e d  a s l ig h t  d o m in g  c e n t r e d  o n  lu g le  bo  r o u g h  a n d  
s u p e r im p o s e d  u p o n  th e  g e n e r a l  r e g io n a l  s t r u c tu r e  ( R a is t r ic k ,
1 9 6 8 ). E v e n  th o u g h  th e r e  a r e  th e s e  r e g io n a l  p a t te r n s  o f  d ip ,  
a n g le s  o f  d ip  in  m o s t  p la c e s  a r e  s l ig h t  a n d  th e  g e n e r a l  im p r e s s io n  
in  a s m a l l  a re a  is  one o f  m o r e  o r  le s s  h o r iz o n t a l  b e d d in g .
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A lth o u g h ,  th e  a r e a  w a s  g la c ia te d  d u r in g  th e  P le is to c e n e  p e r io d  th e re  
a p p e a r  to  be no  la r g e  de p o s i t io n a l  f e a tu r e s  r e s u l t in g  f r o m  g la c ia t io n  
in  th e  E l l e r  B e c k  a r e a .  I t  is  p o s s ib le  th a t  in  p la c e s  th e  g ro u n d  
s u r fa c e  is  m a n t le d  b y  a t h in h y s r  o f  t i l l ,  t h is  is  c e r t a in l y  the  c a s e  
a r o u n d  M a lh a m  to  th e  s o u th .
A  s in g u la r  fe a tu r e  o f  W e n s le y d a le  a n d  o f  th e  im m e d ia te  r e g io n  o f  
E l l e r  B e c k  is  th e  a l t e r n a t io n  o n  th e  v a l le y  s id e s  o f  l im e s to n e  s c a r p s  
a n d  f l a t  b e n c h e s .  T h is  p a r t i c u la r  m o r p h o lo g y  is  a r e f le c t io n  o f  the  
c y c l i c a l  n a tu r e  o f  th e  Y o re d a le  d e p o s its .  T h e  l im e s to n e  b a n d s , 2 0 m  
o r  so  t h ic k ,  w e a th e r  to  f o r m  a lo n g  s c a r  o n  the  v a l le y  s id e  w h i le  the  
s h a le s  a re  e a s i ly  r e m o v e d .  T h is  p r o c e s s ,  in  th e  w o r d s  o f  R a is t r i c k  
(1 9 6 8 ) ,  " le a v e s  th e  to p  o f  th e  l im e s to n e  l ik e  th e  t r e a d  o f  a s t a i r " .
T h e  p r o n o u n c e d  l im e s to n e  c l i f f s  o f  I v y  S c a r  a n d  H a w  B a n k  a t  E l l e r  
B e c k  a r e  th u s  s e p a ra te d  b y  a lo w  ly in g  b e n c h  o f  Y o re d a le  s h a le s  
a n d  s a n d s to n e s  a n d  th e s e  m a y  be s e e n  e x p o s e d  in  th e  s t r e a m  v a l le y  
a b o v e  th e  w a t e r f a l l  o f  D is h e r  F o r c e  ( F ig .  7 .3 ) .
T h e  in d ic a t o r  p la n t  c o m m u n i t ie s  s tu d ie d  a t  E l l e r  B e c k  ra n g e  in  
a l t i t u d e  f r o m  a r o u n d  21 5 m  o n  th e  f lo o d  p la in  to  a b o u t 3 4 0 m  a t  
T h a c k th w a ite  B e c k .  S om e  c l im a t i c  d i f fe r e n c e s  a re  to  be e x p e c te d  
o v e r  a n  a l t i t u d e  d i f f e r e n c e  o f  th is  m a g n itu d e .  B y  a d ju s tm e n t  o f  th e  
te m p e r a tu r e  d a ta  fa r  M a lh a m  s u p p lie d  b y  M a n le y  (1957) u s in g  th e  
e n v i r o n m e n ta l  la p s e  r a te  f o r  th e  P e n n in e s  s u g g e s te d  b y  M a n le y  
(1 9 5 7 ) th e  J a n u a r y  m e a n  o f  th e  E l l e r  B e c k  f lo o d  p la in  a p p e a rs  to  be 
o f  th e  o r d e r  o f  2 . 6*^C a n d  th e  J u ly  m e a n  14. 6 ^ C . T h e  s p o i l  h e a p s  
a t  T h a c k th w a ite  B e c k  w i l l  p r o b a b ly  e x p e r ie n c e  m e a n  te m p e r a tu r e s  
a b o u t  1°C  lo w e r .  M i c r o c l im a t i c  e f fe c ts  in  th e  r e g io n  a re  p r o b a b ly  
q u ite  p ro n o u n c e d ,  th e  s te e p  s o u th  fa c in g  s c a rp s  o f  H a w  B a n k  a n d  
I v y  S c a r  w i l l  r e c e iv e  m a x im u m  in s o la t io n  b u t  o n  th e  o th e r  h a n d  
a r e  q u ite  e x p o s e d  to  s t r o n g  w in d s .  E v e n  in  s u m m e r  th e  e x p o s u re  
o f  I v y  S c a r  to  w in d s  f r o m  th e  s o u th  w e s t  w a s  n o t ic e a b le .  A a in f a l l  a t 
L e y b u r n ,  f a r t h e r  e a s t  in  W e n s le y d a le  a n d  a t  an  a l t i t u d e  o f  128m , 
a v e ra g e d  n e a r ly  8 9 0 m m  a n n u a l ly  f r o m  1901 to  1930. T h e  f lo o d  p la in
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a t  E l l e r  B e c k  a t  21 5 m  is  f a r t h e r  w e s t  a n d  a t  a h ig h e r  a l t i t u d e  a n d  i t  
is  p r o b a b le  th a t  th e  a n n u a l p r e c ip i t a t io n  t o t a l  is  a ro u n d  1000 m m .
T h e  s o i ls  a n d  v e g e ta t io n  o f th e  im m e d ia te  a r e a  o f  E l l e r  B e c k  a re  
c o n t r o ib d  to  a la r g e  e x te n t  b y  p a r e n t  m a te  r i a l  a n d  m o r p h o lo g ic a l  
p o s i t io n  in  th e  la n d s c a p e .  T h e  b e n c h  to  th e  s o u th  o f H a w  B a n k  is  
c o v e r e d  b y  p e r m a n e n t  g r a s s la n d  w h ic h  has  b e e n  im p r o v e d  to  a c e r t a in  
e x te n t  to  the  n o r t h  o f  B a l lo w f ie ld ,  T h e  lo w e r  s lo p e s  o f  H a w  B a n k  
a r e  w o o d e d  w h i le  th e  u p p e r  s lo p e s  a r e  o c c u p ie d  b y  a n  a s s o c ia t io n  o f  
c a lc ic o le  s p e c ie  s . T h e  c r e s t  o f  H a w  B a n k  is  a n  a re a  o f  t h in  
c a lc a r e o u s  s o i l  r a p id ly  c h a n g in g  on  the  b e n c h  fe a tu r e  b e tw e e n  H a w  
B a n k  a n d  I v y  S c a r  to  a t h in  p e a t c o v e re d  b y  N a rd u s  s t r i c t a  L .  g r a s s ­
la n d .  I v y  S c a r  is  n o t  w o o d e d  a n d  th e  f l a t t e r  s u r fa c e  to  th e  n o r th  
is  a g a in  p e a t c o v e r e d .  T h e  v a r io u s  t r a n s e c ts  p re s e n te d  l a t e r  p r o v id e  
m o r e  d e ta i le d  in f o r m a t io n  o n  th e  f l o r i s t i c  c o m p o s i t io n  o f  m a n y  o f  
th e s e  a r e a s .
T h e  m a jo r  f a u l t in g  o f  A r m o r i c a n  t im e s  w a s  a c c o m p a n ie d  b y  m a n y  
m in o r  d is lo c a t io n s  o f  th e  s t r a ta  a n d  m in e r a l i s in g  h y d r o th e r m a l  
s o lu t io n s  a p p e a r  to  h a v e  r i s e n  a lo n g  th e s e  l in e s  o f  w e a k n e s s .
G a le n a  a n d  b le n d e  a re  th e  m a jo r  o re  m in e r a ls  a t  E l l e r  B e c k  
a c c o m p a n ie d  b y  b a r y te s ,  c a lc i t e  a n d  f lu o r s p a r .  E a r p  ( in  D u n h a m , 
1952) d e s c r ib e s  th r e e  m a in  o re  b e a r in g  lo c a t io n s  in  th e  v i c i n i t y  
o f  E l l e r  B e c k .  T h e s e  a re  a t  T h a c k th w a ite  B e c k ,  W e t G ro o v e s  
a n d  D is h e r  F o r c e  ( F ig .  7 . 3 ) . A n  e a s t  w e s t  t r e n d in g  v e in  a lo n g  
T h a c k w a ite  B e c k  is  in t e r s e c te d  in  th e  r e g io n  o f  th e  o ld  m in e  b y  a 
f a u l t  t r e n d in g  n o r t h  w e s t  s o u th  e a s t  w h ic h  a p p e a rs  to  e x te n d  s o u th ­
w a r d s  to  th e  W e t G ro o v e s  a r e a .  A t  W e t G ro o v e s  th e r e  is  a t r i ­
a n g u la r  a r e a  o f  g ro u n d  in  w h ic h  th e  s t r a ta  a re  h ig h ly  d is tu r b e d ,  
th e  a r e a  o f  th e  K n o t .  A c c o r d in g  to  E a r p  ( in  D u n h a m , 1952) the  
K n o t c o n ta in e d  a n  a n a s to m o s is  o f  v e in s  a n d  s t r in g s  w h ic h  w e re  
w o r k e d  f r o m  s h a f ts  a n d  le v e ls .
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T w o  le v e ls  p e n e t r a te  th e  fo o t  o f  the  l im e s to n e  s c a r  o f H a w  B a n k , 
o n e  in  th e  r e g io n  o f  T h e  S t r a i t s  a n d  the  o th e r  to  th e  s o u th  s o u th  e a s t 
o f  D is h e r  F o r c e .  T h e  p u rp o s e  o f  th e s e  a d its  is  u n c le a r ,  th e y  
m a y  h a v e  b e e n  d r iv e n  to  w o r k  th e  lo w e r  p a r t s  o f  th e  m in e s  a t  D is h e r  
F o r c e  o r  a t W e t G ro o v e s  ( E a r p ,  in  D u n h a m , 1952).
T h e  a g e  o f  th e  m in in g  a t  E l l e r  B e c k  is  a ls o  u n c e r ta in .  T h e  m in e s  
w e r e  n o t m e n t io n e d  b y  C a r r u t h e r s  a n d  S tra h a n  (1923) in  t h e i r  
S p e c ia l  R e p o r t  o n  M in e r a l  R e s o u rc e s  a n d  D u n h a m  (1952) m e r e ly  
r e c o r d s  th e m  a s  a b a n d o n e d . T h e y  p r o b a b ly  d a te  f r o m  th e  e a r ly  
N in e te e n th  C e n tu r y  a n d  h a v e  th e  a p p e a ra n c e  o f  n o t  h a v in g  b e e n  w o r k e d  
f o r  a lo n g  t im e .  In  1975 th e  s p o i l  h e a p s  a t W e t G ro o v e s  w e re  b e in g  
r e w o r k e d  f o r  f l u o r s p a r .
7 . 2_______T h e  h e a v y  m e ta l  c o m m u n it ie s  a d jo in in g  E l l e r  B e c k
F r o m  i t s  s o u rc e  a t  E l l e r  S p r in g s  th e  w a te r  f lo w s  f i r s t  o f  a l l  s o u th ­
w a r d s  a n d  th e n  f r o m  e a s t  to  w e s t  a lo n g  T h a c k th w a ite  B e c k  ( F ig ,  7 . 3 ). 
T h e  s t r e a m  s in k s  a n d  r e a p p e a rs  as  E l l e r  B e c k  in  the  v a l le y  o c c u p ie d  
b y  th e  D is h e r  F o r c e  m in e s .  T h e  b e c k  f a l l s  a b o u t 8 m  a t D is h e r  
F o r c e  a n d  f lo w s  in  a r e la t i v e l y  n a r r o w  v a l le y  a s  f a r  as  th e  O ld  
L e a d  M in e s  b e fo r e  w a n d e r in g  th r o u g h  th e  f ie ld s  to  the  R iv e r  U r e ,
T h e  p a r t s  o f  th e  f lo o d  p la in  a d jo in in g  th e  s t r e a m  a re  c o n ta m in a te d  
i n  m a n y  p la c e s  b y  le a d  a n d  z in c .  C o m m u n it ie s  in v o lv in g  the  in d ic a to r  
s p e c ie s  o c c u r  a lo n g  th e  s t r e a m  f o r  m u c h  o f i t s  le n g th  ( F ig .  7 .1 ) .  
T r a n s e c ts  a n d  s p o t s a m p le s  h a v e  b e e n  e m p lo y e d  to  in v e s t ig a te  th e  
p la n t  c o m m u n i t ie s  a s s o c ia te d  w i t h  th e  c o n ta m in a t io n  b y  h e a v y  
m e ta ls  o f  th e  f lo o d  p la in  a n d  F ig .  7 . 3 sh o w s  th e  lo c a t io n s  o f  th e  
v a r io u s  s i te s  f r o m  w h ic h  s a m p le s  w e re  ta k e n . T a b le  7 .1  s h o w s  th e  
r e s u l t s  o f  v a r io u s  a n a ly s e s  o f  th e s e  s a m p le s .
T h e  S t r a i t s  ( F ig .  7 .3 )  a p p e a rs  to  be th e  lo w e s t  p o s s ib le  in p u t  s ite  
f o r  h e a v y  m e t a l  a lo n g  E l l e r  B e c k  a n d  i t  is  a p p a re n t  f r o m  T a b le  7, 1 
th a t  le a d  d e c re a s e s  in  c o n c e n t r a t io n  in  the  s i te s  o c c u p ie d  b y  th e  
in d ic a t o r  s p e c ie s  on  th e  a l lu v iu m  o f  th e  f lo o d  p la in  d o w n s t i  e a rn
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f r o m  t h is  p o in t .  Z in c  o n  th e  o th e r  h a n d  r e m a in s  a t  m o r e  o r  le s s  the  
s a m e  c o n c e n t r a t io n  d o w n s t r e a m  f r o m  S ite  2 a n d  m a y  e v e n  in c re a s e  
s l i g h t l y .  H a w k e s  a n d  W e b b  (1962) p o in t  o u t  th a t  i t  is  n o r m a l  f o r  th e re  
to  be a p r o g r e s s iv e  d e c a y  in  th e  a m o u n t  o f  h e a v y  m e ta l  in  the  a c t iv e  
m a t e r i a l  o f  a s t r e a m  b e d  d o w n s t r e a m  f r o m  th e  lo w e s t  in p u t  s ite  a n d  
t h is  w i l l  p r e s u m a b ly  te n d  to  be th e  c a s e  a ls o  in  f lo o d  p la in  a l lu v iu m .
I t  a p p e a rs  f r o m  th e  a n a ly s e s  o f  T a b le  7 .1  th a t  th e  le a d  a n o m a ly  
d e c a y s  m o r e  r a p id l y  th a n  th e  z in c  a n o m a ly  in  th e  a l lu v iu m  on  th e  
E l l e r  B e c k  f lo o d  p la in .  T h e  P b / Z n  r a t io  in  T a b le  7 .1  m a k e s  th is  
e v e n  m o r e  c le a r .
T a b le  7 .2  s h o w s  th e  r e s u l t s  o f  f u r t h e r  a n a ly s e s  f r o m  the  s p o t s ite s  
a lo n g  E l l e r  B e c k .  I t  is  a p p a r e n t  f r o m  th e s e  a n a ly s e s  th a t  th e  b a s e s  
s o d iu m ,  p o ta s s iu m  a n d  m a g n e s iu m  a re  p r e s e n t  in  a m o u n ts  s i m i l a r  
to  th o s e  fo u n d  in  m a n y  s p o i ls  b u t th a t  o r g a n ic  c a rb o n  in  th e  s u r fa c e  
s o i ls  a re  q u ite  h ig h .
T a b le  7 . 2 S o d iu m , p o ta s s iu m ,  m a g n e s iu m  a n d  o rg a n ic  c a rb o n  
d e te r m in a t io n s  a t  c e r t a in  s i te s  a lo n g  E l l e r  B e c k .
S ite
n u m b e  r
S o d iu m
,(P P ^ )
P o ta s s iu m  
( P P ^ )  . . ,
M a g n e s iu m
(p p m )
O rg a n i
c a rb o n
2 195 2 , 750 n d nd
3 105 2 , 050 1, 080 n d
6 150 1, 650 1 ,0 8 0 20 .1%
9 105 1, 650 n d 2 5 . 5%
10 125 2 , 300 1 ,2 6 0 n d  '
12 175 1, 905 n d 18 . 0%
13 175 1, 540 950 n d
A n a ly s e s  o f  a l lu v iu m  f r o m  s i te s  o n  th e  v e r t i c a l  o a n k  o f  th e  s t r e a m  
w h e r e  th e  in d ic a t o r  s p e c ie s  g r e w  a r e  s h o w n  in  T a b le  7 . 3 . T h e  p H  
o f  th e s e  s a m p le s  is a b o v e  7 . 0 a n d  th is  in d ic a te s  th e  p H  o f  a l l u v ia l  
m a t e r i a l  w i t h o u t  s u b s ta n t ia l  o r g a n ic  c a rb o n  a c c u m u la t io n s .  I t  
a p p e a rs  t h e r e f o r e  th a t  th e  p H  v a lu e s  b e lo w  7 .0  o f  m a n y  o i th e  s a m p le s
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o f  f lo o d  p la in  a l lu v iu m  (T a b le  7 .1 )  r e p r e s e n t  the  s e c o n d a ry  d e v e lo p m e n t  
o f  a  lo w e r  p H  a s s o c ia te d  w i t h  o r g a n ic  m a t t e r  b u i ld  u p  in  th e  s o i l .
T a b le  7 .1  a ls o  s h o w s  th e  in c id e n c e  o f th e  in d ic a t o r  s p e c ie s  a t the  v a r io u s  
s i t e s .  I t  is  c le a r  f r o m  th is  th a t  A r m e r ia  m a r i t im a  is  th e  m o s t  w id e ­
s p r e a d  s p e c ie s ,  b e in g  p r e s e n t  in  a l l  s i te s  e x c e p t  S ite  10. F ig .  7 . 3 
s h o w s  th a t  S ite  10 w a s  in  th e  r e g io n  ju s t  a f t e r  E l l e r  B e c k  tu r n s  to  
f l o w  s o u th w a r d s .  F ig .  7 .1  d e m o n s t r a te s  th a t  th is  v /a s  an  a re a  w h e re  
th e  in d ic a t o r  s p e c ie s  w e re  n o t p r e s e n t  a n d  T a b le  7 .1  s h o w s  th a t  th e  
s o i l  a t  t h is  s i te  w a s  n o t  as  t o x ic  a s  th a t  f r o m  th e  o th e r  s i te s  a lo n g  
E l l e r  B e c k .  I t  a p p e a rs  th a t  r e la t i v e l y  le s s  d e p o s it io n  o f  le a d  a n d  
e s p e c ia l ly  o f  z in c  h a s  o c c u r r e d  in  th is  p a r t i c u la r  s e c t io n  o f  th e  f lo o d  
p la in .  In  c o m p a r is o n  w i t h  A .  m a r i t im a  M in u a r t ia  v e r n a  a n d  T h la s p i  
a lp e s t r e  w e re  in f r e q u e n t  in  th e  a r e a  o f th e  f lo o d  p la in  f r o m  w h ic h  th e  
s p o t  s a m p le s  w e r e  ta k e n .
T a b le  7 .1  s h o w s  th e  C a /H M  r a t io s  o f  a l l u v ia l  m a t e r ia l  f r o m  th e  
s p o t  s i t e s .  I t  is  p ro b a b le  th a t  th e s e  C a /H M  r a t io s  a re  n o t e n t i r e l y  
c o m p a r a b le  w i t h  th o s e  f r o m  s p o i l  h e a p s , i t  m a y  be th a t  th e  s u b ­
s t a n t ia l  a c c u m u la t io n s  o f  o r g a n ic  m a t t e r  in  th e  s u r fa c e  h o r iz o n s  
a r e  h a v in g  s o m e  e f fe c t  o n  th e  r e la t iv e  a m o u n ts  o f  c a lc iu m  a n d  h e a v y  
m e t a l  b u t  p r o b a b ly  m o r e  im p o r t a n t  a re  th e  d i f fe r e n c e s  b e tw e e n  th e  
p h y s ic a l  c o n d i t io n s  o f  th e  e n v i r o n m e n t  on  th e  f lo o d  p la in  o f  E l l e r  
B e c k  as  o p p o s e d  to  th o s e  o f  s p o i l  h e a p s . T a b le  7. 4 s h o w s  the  
r e s u l t s  o f  p a r t i c le  s iz e  a n a ly s e s  o f  a l lu v iu m  f r o m  th e  f lo o d  p la in  
a n d  i t  is  c le a r  th a t  in  c o m p a r is o n  w i t h  s o m e  s a m p le s  f r o m  s p o i l  
h e a p s  th e r e  is  n o t m u c h  c o a rs e  s a n d  in  th e  a l lu v iu m .  T h e  h ig h  
le v e ls  o f  o r g a p ic  m a t t e r  w i l l  p r o m o te  th e  r e te n t io n  o f  s o i l  m d s tu r e  
a n d  th e  p r o x im i t y  o f  th e  s t r e a m  i t s e l f  w i l l  p r e s u m a b ly  m e a n  th a t  
d r o u g h t  c o n d i t io n s  o n  th e  f lo o d  p la in  w i l l  be o f  lo w e r  in c id e n c e  
th a n  o n  s p o i l  h e a p s . F o r  re a s o n s  s u c h  as  th e s e  th e  C a /H M  r a t io s  
o f  th e  s o i ls  o f  th e  f lo o d  p la in  m a y  n o t be d i r e c t l y  c o m p a ra b le  w i t h  
r a t io s  f r o m  s p o i l  h e a p s  b u t  n o n e th e le s s  th e y  a p p e a r  to  be u s e fu l  
i n  t e r m s  o f  in t e r n a l  c o m p a r is o n s .
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f lo o d  p la in
S ite
n u m b e r
C oa r se 
s a n d
M e d iu m
s a n d
F in e
s a n d
S i l t C la y O r g a n ic
c a r b o n
6 0 . 5% 2 .5 % 2 0 . 3% 35.1% 16.7% 20 .1 %
12 8 .0 % 16 .7% 2 2 .2 % 2 0 .3 % 13.1% 18. 0%
I t  is  e v id e n t  f r o m  T a b le  7 .1  th a t  M . v e r n a  a n d  T .  a lp e s t r e  a re  fo u n d  
o n ly  in  th o s e  s i te s  w i t h  C a /H M  r a t io s  le s s  th a n  1 w h i le  A .  m a r i t im a  
e x te n d s  to  s i te s  w i th  C a /H M  r a t io s  in  e x c e s s  o f  1. T h is  s u g g e s ts  
t h a t  A ,  m a r i t im a  u n d e r  th e s e  h a b i ta t  c o n d it io n s  is  m o r e  c o m p e t i t iv e  
th a n  M .  v e r n a  a n d  T .  a lp e s t r e . T h is  is  in t e r e s t in g  f o r  A .  m a r i t im a  
a ls o  a p p e a re d  to  be th e  m o s t  c o m p e t i t iv e  o f  th e s e  th re e  in d ic a to r  
s p e c ie s  o n  th e  s p o i l  h e a p s  a t  L a  C a la m in e  in  B e lg iu m .
A  fe a tu r e  o f  th e  C a /H M  r a t io  o n  th e  f lo o d  p la in  a t  E l l e r  B e c k  is  th a t  
i n  th e  s i te s  ju s t  b e lo w  th e  S t r a i t s  i t  is  p r e d o m in a n t ly  a C a /P B  r a t io  
w h i le  in  s a m p le s  s u c h  as  th o s e  o f  s i te s  11 a n d  12 z in c  is  a m o r e  
im p o r t a n t  p a r t  o f  th e  c a lc u la t io n .  In  C h a p te r  3 i t  v /as  p o in te d  o u t th a t  
th e  b a s is  o f  th e  a s s u m p t io n  th a t  z in c  is  f o r  a g iv e n  a m o u n t h a l f  as 
t o x ic  as  le a d  is  to  a c e r t a in  e x te n t  a n  e m p i r i c a l  o n e , C a /H M  r a t io s  
c a lc u la te d  o n  t h is  b a s is  a p p e a r  to  e x p la in  p la n t  d is t r ib u t io n s .
E l l e r  B e c k  is  a n  in s t r u c t i v e  s i te  in  th is  r e s p e c t  f o r  h e re ,  w i th o u t  
m u c h  c h a n g e  in  o th e r  e n v i r o n m e n ta l  f a c t o r s ,  le a d  a n d  z in c  ch a n g e  
in  r e la t i v e  p r o p o r t io n s  a lo n g  th e  s t r e a m .  T h is  m e a n s  th a t  i t  is  
p o s s ib le  to  c o n s id e r  th e  C a /H M  r a t io  a s  e m p lo y e d  in  th is  s tu d y  
u n d e r  c o n d i t io n s  w h e re  th e  m a jo r  v a r ia b le s  a re  le a d  a n d  z in c  
c o n c e n t r a t io n s .
T a b le  7 . 5 s h o w s  r a t io s  b e tw e e n  c a lc iu m  a n d  e i t h e r  le a d  o r  le a d  
a n d  z in c  w o r k e d  o u t u s in g  d i f f e r e n t  a s s u m p t io n s .  C o lu m n  1 sh o w s  
a C a /P b  r a t i o ,  z in c  as  a t o x ic  a g e n t is  ig n o r e d .  T h is  m e th o d s  
s h o w s  M . v e r n a  to  o c c u r  a t  r a t io s  b e lo w  1 w h i le  A .  m a r i t im a  e x te n d s  
to  r a t io s  in  e x c e s s  o f  1. A  d i f f i c u l t y  is  s i te  10 w h ic h  a p p e a rs  on  
t h is  b a s is  to  be m o r e  to x ic  th a n  s i te s  11, 12 a n d  13 a n d  y e t  h a s  no  
in d ic a t o r  s p e c ie s .
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C o lu m n  2 s h o w s  a C a /H M  r a t io  c a lc u la te d  on  th e  b a s is  th a t  le a d  and 
z in c  a r e  e q u a l ly  t o x ic .  T h is  m e th o d  a c c o u n ts  f o r  th e  d is t r ib u t io n  o f  
M .  v e r n a  a n d  A .  m a r i t im a  a n d  a ls o  a c c o u n ts  f o r  th e  a b s e n c e  o f  
i n d ic a t o r  s p e c ie s  f r o m  S ite  10. I t  d o e s  n o t  h o w e v e r  a g re e  w i th  th e  
r e s u l t s  o f  J e f f r e y  e t  a l  (1975) d is c u s s e d  in  C h a p te r  3 w h ic h  s u g g e s te d  
z in c  to  be le s s  t o x ic  th a n  le a d .
C o lu m n  3 s h o w s  a C a /H M  r a t io  c a lc u la te d  u s in g  th e  a s s u m p t io n  th a t  
z in c ,  f o r  a g iv e n  a m o u n t ,  h a s  a q u a r t e r  o f  th e  t o x i c i t y  o f  le a d .
S ite  10 w i th o u t  in d ic a t o r  s p e c ie s  a p p e a rs  b y  th is  m e th o d  to  be m o re  
t o x ic  th a n  S ite s  12 a n d  13 w h e re  A .  m a r i t im a  g re w .
C o lu m n  4 s h o w s  a C a /H M  r a t io  c a lc u la te d  o n  the  a s s u m p t io n  u s e d  
in  th e  s tu d y  th a t  z in c  is  a b o u t h a l f  as  t o x ic  as le a d .  C o m p a r is o n  o f  
th e  r a t io s  in  t h is  c o lu m n  w i t h  th e  in c id e n c e  o f  th e  in d ic a to r  s p e c ie s  
s h o w s  th a t  M .  v e r n a  te n d s  to  o c c u r  a t  th e  h ig h e r  t o x ic i t i e s  a n d  th a t  
A .  m a r i t im a  is  p r e s e n t  a t  a l l  s i te s  e x c e p t  S ite  10, th e  one w h ic h  
a p p e a rs  in  t e r m s  o f  t h is  m e th o d  o f  c a lc u la t in g  the  C a /H M  r a t io  
th e  le a s t  t o x ic .
I t  a p p e a rs  f r o m  th e  b a s is  o f  th e s e  c a lc u la t io n s  th a t  a s s ig n in g  r e la t i v e l y  
l i t t l e  im p o r ta n c e  to  z in c  t o x i c i t y  is  e r r o n e o u s .  O n  the  o th e r  h a n d  
th e  a s s u m p t io n  th a t  z in c  is  e q u a l ly  as  to x ic  as  le a d  is  n o t in  
a c c o r d a n c e  w i t h  th e  f in d in g s  o f  J e f f r e y  e t  a l  (197 5 ). T h e  a p p l ic a t io n  
o f  th e  a s s u m p t io n  th a t  z in c  h a s  h a l f  th e  t o x i c i t y  o f  le a d  a p p e a rs  to  
a c c o u n t  f o r  th e  d i s t r i b u t io n  o f th e  in d ic a t o r  s p e c ie s  a t  th e  s p o t 
s a m p l in g  s i te s  a t  E l l e r  B e c k  a n d  h a s  a ls o  p r o v id e d  e x p la n a t io n s  f o r  
th e  d is t r ib u t io n s  o f  th e  in d ic a t o r  s p e c ie s  in  th e  o th e r  a r e a s  c o n s id e r e d  
so  f a r .  T h u s  w h i le  n o  c la im  is  m a d e  f o r  th e  a b s o lu te  a c c u r a c y  o f  
th e  a s s u m p t io n  i t s  j u s t i f i c a t i o n  is  th e  e m p i r i c a l  one th a t  i t  a p p e a rs  
to  a c c o u n t  f o r  p la n t  d is t r ib u t io n s  in  c a lc a re o u s  m e t a l l i f e r o u s  
e n v i r o n m e n ts .
1 7 0
I n  a d d i t io n  to  th e  s i te s  a t  w h ic h  s p o t s a m p le s  w e re  ta k e n  s e v e r a l  
t r a n s e c t s  w e r e  e m p lo y e d  to  in v e s t ig a te  th e  in d ic a to r  p la n t  c o m m u n it ie s  
a d jo in in g  E l l e r  B e c k .  E l l e r  B e c k  T r .  7 ( F ig .  7 .4 )  c ro s s e d  a n  a re a  o f 
th e  f lo o d  p la in  c lo s e  to  S ite  2 ju s t  d is c u s s e d .  T h e  lo c a t io n  o f  the  
t r a n s e c t  l in e  is  s h o w n  in  F ig .  7 . 3.
F ig .  7 . 4 d e m o n s t r a te s  th a t  th e  c o n c e n t r a t io n  o f  z in c  in  th e  f lo o d  p la in  
s o i l  d e c r e a s e s  r a p id ly  a n d  p r o g r e s s iv e ly  a w a y  f r o m  th e  s t r e a m ,  the  
s t r e a m  b a n k  w a s  a t 8 m , w h i le  le a d  s h o w s  th e  s a m e  g e n e r a l te n d e n c y  
b u t  h a s  a p e a k  c o n c e n t r a t io n  a t  5 m . T h e  r a p id  r e d u c t io n  in  the  
c o n c e n t r a t io n s  o f  th e  h e a v y  m e ta ls  a w a y  f r o m  th e  s t r e a m  on  th is  
t r a n s e c t  l in e  is  p r o b a b ly  n o r m a l  in  th is s e c t io n  o f  E l l e r  B e c k .  A s  
F ig .  7 .1  s h o w s  th e  in d ic a t o r  p la n t  c o m m u n it ie s  a re  v e r y  c lo s e ly  
a s s o c ia te d  w i t h  th e  s t r e a m  b a n k  a n d  w i l l  be  r e f le c t in g  the  h ig h  c o n ­
c e n t r a t io n s  o f  le a d  a n d  z in c  fo u n d  th e r e .
I t  is  a p p a r e n t  f r o m  F ig .  7 . 4  th a t  th e  in d ic a t o r  s p e c ie s  M ; v e r n a ,
T .  a lp e s t r e  a n d  A .  m a r i t im a  a re  a s s o c ia te d  w i t h  th e  a r e a  w i t h  th e  
h ig h e s t  le a d  c o n c e n t r a t io n  a t  5 m . T h e  C a /H M  r a t io  o f  a l lu v iu m  f r o m  
t h is  p o in t  w a s  0. 61, a b o u t th e  s a m e  r a t io  as  th o s e  in  th e  s p o t 
s a m p le s  f r o m  th is  a r e a  (T a b le  7 .1 ) .  S o d iu m , p o ta s s iu m ,  a n d  
m a g n e s iu m  w e r e  p r e s e n t  in  th e  s a m p le  f r o m  5 m  in  a b o u t th e  s a m e  
c o n c e n t r a t io n s  as  in  th e  s p o t s a m p le s  f r o m  e ls e w h e re  o n  E l l e r  
B e c k  (T a b le  7 .2 )  w h i le  p h o s p h o ro u s  a n a ly s is  s h o w e d  a r e s u l t  o f  
640  p p m .
A  fe a tu r e  o f  in t e r e s t  o n  t h is  t r a n s e c t  l in e  is  th e  c o n s id e ra b le  n u m b e r  
o f  f o r b s  o c c u p y in g  th e  a r e a  f r o m  6 m  to  th e  s t r e a m  b a n k , a n  a r e a  in  
w h ic h  h e a v y  m e t a l  le v e ls  a r e  m o d e r a te ly  h ig h .  S om e o f th e s e  s u c h  
a s  H e l ia n th e m u m  c h a m a c e c is tu s  M i l l .  , S u c c is a  p r a te n s is  M o e n c h  
a n d  P a r n a s s ia  p a lu s t r i s  L .  a r e  a b s e n t o r  r e la t i v e l y  u n u s u a l on  
s p o i l  h e a p s .
“ L
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E l l e r  B e c k  T r ,  9 ( F ig .  7 .5 )  c r o s s e d  E l l e r  B e c k  in  an  a p p r o x im a te ly  
e a s t  w e s t  d i r e c t io n  ju s t  to  th e  n o r th  o f  th e  p o in t  w h e re  th e  s t r e a m  jo in s  
th e  R iv e r  U r e  ( F ig .  7 . 3 ). I t  is  c le a r  f r o m  F ig .  7 . 5 th a t  z in c  is  
p r e s e n t  in  h ig h e r  c o n c e n t r a t io n s  th a n  le a d  in  th e  a llu v iu m  in  t h is  a r e a ,  
a c o n t in u a t io n  o f  th e  te n d e n c y  o b s e rv e d  in  th e  s p o t s a m p le s  (T a b le  7 .1 ) 
f o r  z in c  to  in c r e a s e  in  im p o r ta n c e  r e la t iv e  to  le a d  d o v T is t re a m .
T a b le  7 .6  s h o w s  th a t  C a /H M  r a t io s  in  th e  a l lu v iu m  a lo n g  th e  t r a n s e c t  
l in e  a r e  h ig h e r  th a n  th o s e  f n  s a m p le s  f r o m  n e a r e r  to  T he  S t r a i t s ,  
r e f le c t in g  th e  s a m e  d e c re a s e  in  th e  t o x i c i t y  o f  th e  a l lu v iu m  d o w n s t re a m  
w h ic h  w a s  n o t ic e d  f o r  th e  s p o t s a m p le s .  A  p h o s p h o ro u s  d e te r m in a t io n  
f o r  a l lu v iu m  f r o m  12m  o n  t h is  t r a n s e c t  l in e  s h o w e d  a c o n c e n t r a t io n  o f  
4 0 0  p p m , s l i g h t l y  lo w e r  th a n  t h a t  f r o m  5 m  o n  E l l e r  B e c k  T r .  7 a n d  
a lo w  c o n c e n t r a t io n  c o m p a re d  to  s o m e  s p o i ls .
T a b le  7 . 6 H e a v y  m e ta l  a n d  c a lc iu m  d é te r m in a t io n s  a n d  th e  C a /H M  
r a t i o  o f  s a m p le s  f r o m  E l l e r  B e c k  T r .  9 .
S a m p le
d is ta n c e
L e a d
(p p m )
Z in c
(p p m )
C a lc iu m
(p p m )
C a /H M
2 m 5 ,7 4 0 5 ,9 0 0 10, 150 1.17
7 m 5, 850 8 , 800 1 6 ,9 0 0 1. 92
9 m 3 , 620 8, 500 1 3 ,5 0 0 1. 59
11m 4 ,2 9 0 9 ,7 0 0 1 2 ,5 0 0 1 .2 9
13 m 4 , 180 8, 800 11, 050 1 .2 5
1 5m 3 , 070 8 ,2 0 0 1 1 ,7 5 0 1. 64
2 4 m 4 ,2 9 0 5, 900 14, 650 2 ,4 8
B o th  M .  v e r n a  a n d  A .  m a r i t im a  o c c u r r e d  in  the  a re a  b u t  as  F ig .  7 . 5 
s h o w s  M . v e r n a  w a s  r e s t r i c t e d  to  th e  e a s te r n  b a n k  o f  th e  s t r e a m ,  in  
t h is  r e g io n  a ro u n d  2 m  th e  C a /H M  r a t io  (T a b le  7 . b) w a s  ju s t  a b o v e  1, 
T h is  is  a h ig h e r  C a /H M  r a t io  th a n  th o s e  fo u n d  in  o th e r  s i te s  a lo n g  
E l l e r  B e c k  w h e re  M . v e r n a  o c c u r r e d  a n d  i t  s e e m s  p ro b a b le  th a t  th e  
o c c u r r e n c e  o f  th e  s p e c ie s  a t  th is  r e la t i v e l y  io v /  t o x i c i t y  on  th is  
t r a n s e c t  l in e  is  r e la te d  to  th e  f a c t  th a t  th e  fe tre a m  b a n x  w h e re  th e  
s p e c ie  s o c c u r r e d  w a s  q u ite  s te e p  a n d  s o m e w h a t u n s  ta  o le , th u s
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r e d u c in g  c o m p e t i t io n  f r o m  o th e r  s p e c ie s  to  th e  a d v a n ta g e  o f  M . v e r n a .  
O n  th e  w e s t  b a n k  o f  th e  s t r e a m  th e  m a in  o c c u r r e n c e  o f A .  m a r i t im a  
w a s  in  th e  r e g io n  o f  12 a n d  13m . T h e  C a /H M  r a t io  (T a b le  7 . 6) in  th e  
s o i l  h e re  is  j u s t  u n d e r  1. 3 . C o m p a r is o n  o f  F ig .  7 . 4 , E l l e r  B e c k  
T r .  7 , a n d  F ig .  7 . 5 f o r  t h is  t r a n s e c t  l in e  s h o w s  th e  m a r k e d  c o n t r a s t  
in  th e  c o v e r  v a lu e s  o f  A .  m a r i t im a  b e tw e e n  th e  tw o  t r a n s e c t  l in e s .
I t  a p p e a rs  th a t  A .  m a r i t im a  is  le s s  c o m p e t i t iv e  o n  th is  t r a n s e c t  l in e  
th a n  on E l l e r  B e c k  T r .  7 a n d  th is  is  p r o b a b ly  r e la te d  to  th e  lo w e r  
t o x i c i t y  o f  th e  s o i l .  A  m a r i t im a  is  a p p a r e n t ly  a p p ro a c h in g  a t  a C a /H M  
r a t i o  o f  a ro u n d  1. 3 i t s  t o x i c i t y  t h r e s h o ld  o n  th e  f lo o d  p la in  o f  E l l e r  
B e c k  a n d  t h is  f ig u r e  a c c o r d s  w e l l  w i t h  th e  l i m i t  o f  th e  s p e c ie s  
s u g g e s te d  b y  th e  s p o t s a m p le s  (T a b le  7 J ) .
A  fe a tu r e  o f  t h is  t r a n s e c t  l in e  in  c o m p a r is o n  to  E l l e r  B e c k  T r .  7 
( F ig .  7 . 4 )  is  th a t  le a d  a n d  z in c  c o n c e n t r a t io n s  in  th e  s o i l  do  n o t 
d e c re a s e  a s  r a p id l y  w i t h  d is ta n c e  a w a y  . f r o m  th e  s t r e a m .  H a w k e s  
a n d  V /e b b  (1962) p o in t  o u t  th a t  a n o m a lo u s  v a lu e s  o f  h e a v y  m e ta ls  
n o r m a l l y  d e c a y  o n  f lo o d  p la in s  w i t h  d is ta n c e  a w a y  f r o m  th e  a c t iv e  
c h a n n e l,  t h is  a p p e a rs  to  be th e  c a s e , e s p e c ia l ly  f o r  z in c ,  o n  b o th  
t r a n s e c t s  b u t  c l e a r l y  o n  E l l e r  B e c k  T r .  9 d e c a y  o c c u rs  m u c h  m o r e  
s lo w ly .  A  p o s s ib le  e x p la n a t io n  f o r  t h is  is  th a t  w h e n  E l l e r  B e c k  
a n d  th e  R iv e r  U re  a re  in  f lo o d ,  a n d  th is  s ite  is  v e r y  n e a r  th e  c o n ­
f lu e n c e ,  b a c k in g  u p  o f  th e  w a te r  c o m in g  d o w n  E l l e r  B e c k  o c c u rs  
i n  th e  r e g io n  o f  T r .  9 a n d  s e d im e n t  c o n ta in in g  le a d  a n d  z in c  is  
s p re a d  o v e r  a m u c h  w id e r  zo n e  th a n  is  n o r m a l  in  the  a r e a  u p s t r e a m  
n e a r e r  to  T h e  S t r a i t s .
E l l e r  B e c k  T r .  6 w a s  lo c a te d  in th e  r e g io n  to  th e  n o r t h  w e s t  o f  T h e  
S t r a i t s  w h e re  E l l e r  B e c k  r u n s  c lo s e  to  th e  C a r p e r b y  to  W o o d h a ll 
s e c o n d a ry  r o a d  ( F ig ,  7 , 3 ) , I t  is  a p p a re n t  f r o m  F ig .  7 . 6 t h k t  th e  
in d ic a t o r  s p e c ie s  M . v e r n a  a n d ,e s p e c ia l ly ,  A .  m a r i t im a  o c c u r  o v e r  
a. m u c h  w ^ id e r a r e a  o f  th e  f lo o d  p la in  th a t  w a s  th e  ca s e  on  H e r  
B e c k  T r a n s e c ts  7 a n d  9 b e lo w  T h e  S t r a i t s .  T h e  r e l i e f  p r o f i le
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d e m o n s t r a te s  th a t  th e  b e d  o f E l l e r  B e c k  a t  10m  is  a t  a b o u t th e  sa m e  
a l t i t u d e  a s  th e  e n d  o f  th e  t r a n s e c t  l in e  a t  4 5 m . A t  a p o s i t io n  e q u iv a le n t  
to  a b o u t 6 0 m  o n  a n  e x te n s io n  o f  th e  t r a n s e c t  l in e  a s u b s id ia r y  s t r e a m ,  
a p p a r e n t ly  d e v e lo p in g  to  c u t  o f f  th e  c u r v e  o f  E l l e r  B e c k  in  th is  
r e g io n ,  w a s  p r e s e n t .  I t  s e e m s  v e r y  p ro b a b le  th a t  in  t im e s  o f f lo o d  
m u c h  o f  th e  a r e a  b e y o n d  10m  o n  th e  t r a n s e c t  l in e  w i l l  be s u b m e rg e d ,  
r e s u l t in g  in  th e  d e p o s i t io n  o f  t o x ic  a l lu v iu m  o v e r  a w id e  z o n e .
I n  s e v e r a l  s a m p le s  f r o m  th e  t r a n s e c t  l in e  le a d  a n d  z in c  a re  p r e s e n t  
i n  c o n c e n t r a t io n s  a b o v e  2 0 , 000  p p m , h ig h e r  c o n c e n t r a t io n s  th a n  th o s e  
e n c o u n te r e d  in  m o s t  o f  th e  s p o t s a m p le s ,  a n d  o n  th e  t r a n s e c ts ,  f r o m  
b e lo w  T h e  S t r a i t s .  In  th e  a c c o u n t  o f  th e  s p o t s a m p le s  i t  w a s  p o in te d  
o u t  t h a t  th e  a r e a  o f  T h e  S t r a i t s  w i t h  i t s  s p o i l  h e a p s  a p p e a re d  to  be 
th e  lo w e s t  p o s s ib le  in p u t  s i te  f o r  h e a v y  m e ta l  in to  th e  s t r e a m  s y s te m .  
W h ile  t h is  is  t r u e  i t  is  p r o b a b le  t h a t  m o s t  o f  th e  m e ta l l i f e r o u s  
a l lu v iu m  on  th e  E l l e r  B e c k  f lo o d  p la in  is  d e r iv e d  f r o m  th e  m in e s  n e a r  
to  B is h e r  F o r c e .  I t  is  c e r t a in l y  th e  c a s e  a t  th e  p r e s e n t  d a y  th a t  th e  
s p o i l  h e a p s  a t  th e  s id e  o f  th e  b e c k  a t  th e  O ld  L e a d  M in e s  a b o u t 
2 0 0 m  to  th e  s o u th  o f D is h e r  F o r c e  a r e  b e in g  a c t iv e ly  e ro d e d  b y  th e  
a c t io n  o f  th e  s t r e a m .  I t  a p p e a rs  t h e r e fo r e  th a t  th e  a re a  o f  E l l e r  
B e c k  T r .  6 is  n e a r e r  to  th e  s o u rc e  o f  o r ig in  o f  m u c h  o f  th e  m e t a l ­
l i f e r o u s  a l lu v iu m  w h ic h  p o l lu te s  th e  f lo o d  p la in  o f  E l l e r  B e c k  a n d  
th e  h ig h  c o n c e n t r a t io n s  o f  h e a v y  m e ta l  o n  th e  t r a n s e c t  l in e ,  f o r  
e x a m p le  94 , 200  p p m  le a d  a t  1 4 m , m a y  be u n d e rs to o d  in  t e r m s  o f  
t h is  p r o x im i t y  to  s o u rc e .
I t  i s  e v id e n t  f r o m  F ig .  7 . 6 t h a t  M .  v e r n a  and  T .  a lp e s t r e  a re  fo u n d  
i n  th e  a r e a s  o f  th e  h ig h e r  h e a v y  m e ta l  c o n c e n t ra t io n s  a n d  th a t  
A ,  m a r i t im a  re a c h e s  i t s  h ig h e s t  c o v e r  v a lu e  in  a q u a d ra t  a d jo in in g  
th e  p o in t  w h e re  th e  g r e a te s t  c o n c e n t r a t io n  o f  le a d  o c c u r r e d .
A  m a r i t i m a  in d e e d  is  w id e s p r e a d  o n  th e  t r a n s e c t  l in e ,  b e in g  a b s e n t 
o n ly  in  th e  q u a d ra ts  o f  th e  lo w e s t  h e a v y  m e ta l  c o n c e n t r a t io n s ,  2 ^ ,
2 4 , 36 a n d  4 4 m  l o r  e x a m p le .
17V
T a b le  7 .7  in d ic a te s  th a t  th e  p i  I v a lu e s  o f  th e  s u r fa c e  s o i ls  a r e ,  w i th  
th e  e x c e p t io n  o f  th e  s a m p le  f r o m  4 2 m , v e r y  s im i l a r  to  th o s e  
e n c o u n te re d  in  th e  s p o t s a m p le s  f r o m  b e lo w  T h e  S t r a i t s  (T a b le  7. 1). 
T h e  C a / H M  r a t io s  a t  6 m , 14m  a n d  2 8 m  w e re  0 . 2 9 , 0. 16 a n d  0. 33 
r e s p e c t i v e l y ,  a l i t t l e  lo w e r  th a n  th o s e  fo u n d  in  a l lu v iu m  b e lo w  T he  
S t r a i t s ,  t h is  due to  th e  h ig h e r  c o n c e n t r a t io n s  o f  h e a v y  m e ta ls  in  th e  
s o i ls  o n  E l l e r  B e c k  T r .  6. T h is  g r e a t e r  t o x i c i t y  is  r e f le c t e d  o f 
c o u r s e  in  th e  m o r e  w id e s p r e a d  o c c u r r e n c e  o f  th e  in d ic a t o r  s p e c ie s  
o n  th e  t r a n s e c t .
T a b le  7 . 7 p H  v a lu e s  a t  6 m  in t e r v a ls  a lo n g  E l l e r  B e c k  T r .  6.
O m  6 m  12m  18m  2 4 m  3 0 m  3 6 m  4 2 m
7 . 2 6 . 7 7 .0  6 . 6 6 , 4 6 . 4  6 . 5 5 .7
A  la r g e  n u m b e r  o f  o th e r  s p e c ie s  is  a s s o c ia te d  w i t h  th e  in d ic a to r  
s p e c ie s  o n  t h is  t r a n s e c t  l i n e .  O f p a r t i c u la r  i n t e r e s t  a re  s p e c ie s  s u c h  
a s  M o l in ia  c a e r u le a , F i l ip e n d u la  u lm a r ia  ( L .  ) M a x im .  , P a rn a s s ia  
p a lu s t r i s  a n d  S u c c is a  p r a t e n s is .  T h e s e  a r e  s p e c ie s  o f  r e la t i v e l y  m o is t  
e n v i r o n m e n ts  a n d  r e f l e c t  th e  h a b i t a t  c o n d it io n s  o n  th e  m e ta l l i f e r o u s  
r i p a r i a n  s i te s  o f  E l l e r  B e c k .
C o c h le a r ia  o f f i c in a l i s  w a s  p r e s e n t  in  one q u a d r a t  v i r t u a l l y  in  th e  
s t r e a m  b e d . T h is  s p e c ie s  w a s  n o t ic e d  o c c a s io n a l ly  a t  E l l e r  B e c k ,  
g e n e r a l ly  o c c u r r in g  in  a s t r e a m  s id e  s i tu a t io n .  I t  w a s  s u g g e s te d  
in  C h a p te r  1 th a t  t h is  s p e c ie s  m ig h t  be c o n s id e re d  to  be a n  in d ic a to r  
i n  c e r t a in  p a r t s  o f  th e  B r i t i s h  I s le s ,  i t  o c c u r s  o n  s p o i l  in  p a r t s  o f  
D e r b y s h i r e  (C h a p te r  6) a n d  a ls o  in  th e  A ls t o n  a r e a  (C h a p te r  10),
E l l e r  B e c k  T r .  1 ( F ig .  7 .7 )  w i l l  be  c o n s id e r e d  in  th is  s e c t io n  o n  th e  
m e t a l l i f e r o u s  c o m m u n it ie s  a d jo in in g  E l l e r  B e c k  b u t  i t  is  e s s e n t ia l ly  
a c o m p o s ite  t r a n s e c t ,  i t  r u n s  f r o m  a n  a r e a  c o v e re d  b y  s p o i l  to  a 
r e g io n  o f  a l lu v iu m  a d jo in in g  E l l e r  B e c k .  T h e  t r a n s e c t  m a y  be 
d iv id e d  in to  tw o  p a r t s ,  th e  a r e a  f r o m  O m  to  th e  w a l l  j u s t  b e y o n d
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4 0 m , th e  n o r t h e r n  a r e a  as  th e  t r a n s e c t  r a n  r o u g h ly  f r o m  n o r th  to  
s o u th ,  a n d  th e  r e g io n  b e y o n d  th e  w a l l .  F ig .  7 . 7 s h o w s  th a t  th e  a re a  
to  th e  s o u th  o f  th e  w a l l  w a s  f  l o r i s  t i c  a l l y  r e la t i v e l y  d iv e r s e  w h i le  fe w  
s p e c ie s  w e re  a s s o c ia te d  w i t h  th e  in d ic a to r  p la n ts  a n d  F e s tu c a  o v in a  
to  th e  n o r t h  o f  th e  w a l l .  T h is  is  e s p e c ia l ly  th e  ca se  in  th e  r e g io n  
b e tw e e n  th e  b a s e  o f  th e  s p o i l  h e a p  a n d  th e  w a l l .  T h e  tw o  z o n e s  a re  
a ls o  r e a s o n a b ly  d is t in c t  in  t e r m s  o f  th e  r e la t iv e  p r o p o r t io n s  o f  le a d  
a n d  z in c  fo u n d  in  t h e i r  s u b s t r a te s .  In  m a n y  s a m p le s  f r o m  th e  a r e a  to  
th e  n o r t h  o f  th e  w a l l  z in c  o c c u r s  a t  a h ig h e r  c o n c e n t r a t io n  th a n  le a d  
w h i le  th e  r e v e r s e  is  t r u e  to  th e  s o u th  o f  th e  w a l l .  I t  is  p ro b a b le  
th a t  t h is  d ic h o to m y  in  th e  r e la t iv e  p r o p o r t io n s  o f  le a d  a n d  z in c  is  
r e la t e d  to  th e  s o u rc e  o f  th e  m e t a l l i f e r o u s  m a t e r ia l .  T he  a re a  a d ­
jo in in g  E l l e r  B e c k  a p p e a rs  to  be c o v e re d  b y  m e t a l l i f e r o u s  a l lu v iu m  
d e p o s ite d  b y  th e  s t r e a m  a n d  E l l e r  B e c k  T r .  6 a b o v e  T h e  S t r a i t s  
a n d  th e  s p o t s a m p le s  f r o m  im m e d ia te ly  b e lo w  d e m o n s t ra te  t h a t  i t  
is  n o r m a l  f o r  le a d  to  be  th e  h e a v y  m e t a l  in  h ig h e s t  c o n c e n t r a t io n  in  
th e  a l lu v iu m  in  t h is  a r e a .  In  c o n t r a s t  th e  s u b s t r a te  to  th e  n o r t h  o f 
th e  w a l l  i s  s p o i l ,  p r o b a b ly  d e r iv e d  f r o m  the  a d i t  w h ic h  e n te rs  
H a w  B a n k  à t  T h e  S t r a i t s .
T h e  f i r s t  15m  o f  th e  t r a n s e c t  l in e  c r o s s e s  a r id g e  o f  m in e  s p o i l ,  
t h is  r id g e  r a n  l i k e  a r a i lw a y  e m b a n k m e n t a long  th e  fo o t  o f  H a w  B a n k . 
T h e  h e a v y  m e t a l  le v e ls  in  m a n y  s a m p le s  f r o m  th is  m a t e r ia l ,  
e s p e c ia l ly  in  th e  c a s e  o f  le a d ,  a re  n o t  h ig h  a n d  i f  m u c h  o f  th e  s p o i l  
o f  t h is  r id g e  is  o f  s i m i l a r  h e a v y  m e ta l  c o n te n t th e n  i t  is  d i f f i c u l t  
to  a p p r e c ia te  w h y  i t  w a s  m in e d .  I t  s e e m s  p ro b a b le  th a t  in  th e  a re a  
to  th e  n o r t h  o f  th e  w a l l  o n  th is  t r a n s e c t  l in e  th e r e  a re  s p o i ls  f r o m  
tw o  d is c r e t e  s ta g e s  o f  m in in g .  T h e  s p o i l  f r o m  a b o u t 15m  to  th e  w a l l  
is  b e l ie v e d  to  r e p r e s e n t  th e  wafete f r o m  th e  p r o d u c t iv e  m in in g  o f  a 
v e in  i n  th e  fo o t  o f  H a w  B a n k  w h i le  th e  r id g e  o f  s p o i l  p r o b a b ly  r e ­
p r e s e n ts  th e  m a t e r i a l  e x c a v a te d  f r o m  m o r e  o r  le s s  b a r r e n  r o c k  
in  th e  c o u rs e  o f  d r i v in g  a n  a c c e s s  le v e l ,  p ro b a b î .y  to  th e  W e t 
G ro o v e s  m in e s  to  th e  n o r t h  ( F ig .  7 .3 ) .
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T a b le  7 , 8 s h o w s  th a t  C a /H M  r a t io s  a lo n g  th e  t r a n s e c t  l in e  a r e  
g e n e r a l ly  b e lo w  1 a n d  th a t  th e  p H  v a lu e s  o f  th e  s u b s t r a te s  a re  n o r m a l ly  
b e lo w  7 . 0 .  W h e re  th e  p H  is  a b o v e  7 . 0, in  th e  f i r s t  2 0 m , b a re  g ro u n d  
in  m a n y  q u a d r a ts  is  a b o v e  75% ( F ig .  7 .7 ) ,  w h ile  in  th e  s a m p le s  w h e re  
th e  p H  is  b e lo w  6 F e s tu c a  o v in a  a n d  o th e r  g r a s s e s ,  m a in ly  A g r o s t is  
t e n u is , g e n e r a l ly  a p p r o a c h  c o v e r  v a lu e s  o f  n e a r ly  100% a n d  o r g a n ic  
c a r b o n  le v e ls  a re  h ig h ,  in  e x c e s s  o f  25% . T h is  a p p e a rs  a g a in  to  be 
a s i t u a t io n  w h e re  w i t h  in c r e a s in g  c o v e r  a n d  the  a t te n d a n t  in c r e a s e d  
o r g a n ic  m a t t e r  le v e ls  in  th e  s o i l  p H  v a lu e s  a re  te n d in g  to  f a l l .  I t  
is  n o t ic e a b le  f r o m  th e  c a lc iu m  c o n c e n t r a t io n s  in  T a b le  7. 8 th a t  w h e re  
p H  v a lu e s  a r e  b e lo w  6, 0 c a lc iu m  le v e ls  a re  lo w e r  th a n  in  a d ja c e n t  
s a m p le s  a n d  in  c o n s e q u e n c e  th e  C a /H M  r a t io s  a r e  lo w e r  a ls o .  T h e  
p la c e s  w i t h  th e  lo w e s t  C a /H M  r a t io s  a ls o  a p p e a r  to  be th o s e  w i t h  
h ig h  c o v e r  v a lu e s  o f  g ra s s e s  s u c h  as  F .  o v in a . T h is  is  p r o b a b ly  n o t 
a c a s e  o f  th e  g ra s s e s  b e in g  v e r y  s u c c e s s fu l  in  c o lo n iz in g  th e  m o s t  
h ig h ly  t o x ic  a re a s  b u t one o f  th e  d e v e lo p m e n ts  o f  i l l u s o r y  h ig h  
t o x i c i t y  due to  c a lc iu m  le a c h in g  f r o m  th e  o r g a n ic  s u r fa c e  s o i l  w h i le  
h e a v y  m e ta ls  r e m a in  m o r e  o r  le s s  u n a f fe c te d .  I t  is  p ro b a b le  th a t  
f o r  v a r io u s  r e a s o n s  o f  w h ic h  s u b s t r a te  t o x i c i t y  is  o n ly  one d i f f e r e n t  
a r e a s  o f  t h is  t r a n s e c t  l in e  a r e  a t  d i f f e r e n t  s ta g e s  in  s u c c e s s io n  a n d  
th e  C a / H M  r a t io  is  n o t  v e r y  u s e fu l  in  a c o m p a r a t iv e  s e n s e .
T a b le  7 . 9 s h o w s  th e  c o n c e n t r a t io n s  o f  th e  b a s e s  a n d  p h o s p h o ro u s  
a t  i n t e r v a ls  a lo n g  th e  t r a n s e c t  l in e .  I t  is  e v id e n t  th a t  p h o s p h o ro u s  
c o n c e n t r a t io n s  a r e  l i t t l e  d i f f e r e n t  in  th e  a re a s  n o r t h  a n d  s o u th  o f  
th e  w a l l  a n d  a ls o  th a t  p h o s p h o ro u s  is  p r e s e n t  in  lo w  a m o u n ts  as  
c o m p a r e d  to  s p o i ls  f r o m  D e r b y s h ir e  a n d  th e  M e n d ip s  w h e re  1, 000 
p p m  a p p e a re d  g e n e r a l .  P o ta s s iu m  c o n c e n t r a t io n s  h o w e v e r  a re  
q u ite  d i f f e r e n t  in  th e  a re a s  n o r t h  a n d  s o u th  o f  th e  w a l l .  T h e  
s a m p le s  f r o m  50 , 60 a n d  7 0 m  c o n ta in  p o ta s s iu m  a t  a b o u t 2 , 000 
p p m ,  th e  n o r m a l  c o n c e n t r a t io n  f o r  E l l e r  B e c k  a l lu v iu m  w h i le  th e  
s a m p le s  f r o m  th e  0 to  4 0 m  r e g io n  s h o w  p o ta s s iu m  c o n c e n t r a t io n s  
a t  q u ite  h ig h  le v e ls  f o r  s p o i l .
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Table 7. 8 Heavy inetal,  ca lc ium, Ca/HM ratio and pH determinat ions
fr o m  E l le r  B eck  Tr. 1.
S a m p le
d is ta n c e
L e a d
(e h b I
Z in c  C a lc iu m  
(p p m )  (p p m )
C a /H M p H O r g a n ic
c a r b o n
Om 750 3 , 300 5-, 500 1. 67 5. 8 n d
6 m 620 3 ,0 0 0  9 , 950 3 . 32 7 .1 n d
10m 1 ,4 2 0 15 , 200  12 , 500 1 .3 8 7 . 4 n d
15m 4, 750 4 4 ,0 0 0  2 0 ,2 5 0 0 . 76 7 .1 n d
2 0 m 2 1 ,8 0 0 3 3 , 000 2 2 ,2 5 0 0 . 68 7 . 0 3 .0 %
2 5 m 1 9 ,7 0 0 3 3 ,0 0 0  2 5 , 500 0. 95 6 .7 n d
3 0 m 3 1 ,9 0 0 2 7 ,0 0 0  7 ,2 5 0 0 .1 6 5 .2 30 . 5%
3 5 m 5 8 ,5 0 0 8 5 ,0 0 0  4 0 ,2 5 0 0 .4 0 6. 7 n d
4 0 m 4 4 , 000 2 2 , 900 42 , 500 0 . 97 6 .7 n d
4 5 m 3 3 ,0 0 0 1 4 ,9 0 0  8 ,2 5 0 0 .2 0 5. 8 28 . 6%
5 0 m 13, 500 6 ,2 0 0  1 2 ,5 0 0 0 .7 1 6 .2 n d
6 0 m 2 7 ,2 0 0 1 4 ,3 0 0  12 , 500 0 . 46 6 .4 2 3 . 3%
6 5 m 3 0 ,7 0 0 5, 900 6 ,5 0 0 0 .1 9 5. 3 n d '
7 0 m 2 8 ,7 0 0 9 ,7 0 0  9 ,9 5 0 0 .3 4 6. 5 n d
7 5 m 14 , 200 1, 000  1 0 ,1 5 0 0. 69 6 . 6 n d
T a b le  7 . 9 S o d iu m , p o ta s s iu m ,  m a g n e s iu m  a n d  p h o s p h o ro u s  d e t e r ­
m in a t io n s  a t  10m  in t e r v a ls  a lo n g  E l l e r  B e c k  T r .  1
S a m p le
d is ta n c e
S o d iu m
(p p m )
P o ta s s iu m
(p p m )
M a g n e  s lu m  
(p p m )
P h o s p h o ro u s
(p p m )
Om 195 3 , 010 n d n d
1 0m 150 4 , 650 1 ,3 3 0 240
2 0 m 2 2 5 7 , 900 n d n d
3 0 m 500 4 , 750 1, 820 400
4 0 m 2 2 5 4 , 750 n d n d
5 0 m 150 2 , 000 980 n d
6 0 m 210 2 , 050 n d 380
7 0 m 150 2 , 300 1 ,4 0 0 n d
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T h e  d a ta  f r o m  p a r t i c le  s iz e  a n a ly s is  f o r  tw o  s a m p le s  f r o m  th is  t r a n s e c t  
l in e  in  T a b le  7 .1 0  s u g g e s ts  th a t  th e  te x tu r e  o f  th e  s u b s t r a te s  in  th e  a re a s  
n o r t h  a n d  s o u th  o f  th e  w a l l  is  n o t  v e r y  d i f f e r e n t .
T a b le  7 .1 0  P a r t i c le  s iz e  a n a ly s e s  o f  s o i l  f r o m  tw o  s i te s  o n  E l l e r  
B e c k  T r .  1
S a m p le  C o a r s e  M e d iu m  F in e  S i l t  C la y  O r g a n ic  
d is ta n c e  s a n d  s a n d  s a n d    c a rb o n
2 0 m  1 2 .9 %  5 .6 %  2 3 .6 %  4 9 .3 %  10 .3 %  3 .0 %
6 0 m  . 4 .1%  6 .3 %  2 0 .7 %  3 4 .3 %  17.1%  2 3 .3 %
T h e  a n a ly s e s  do n o t  s e e m  to  s u g g e s t a n y  o b v io u s  r e a s o n  w h ic h  a c c o u n ts  
f o r  th e  f l o r i s t i c  d i f f e r e n c e s  b e tw e e n  th e  a re a s  to  th e  n o r th  a n d  s o u th  
o f  th e  w a l l  o n  th is  t r a n s e c t  l in e .  S u b s tra te  te x tu re  is  n o t r a d ic a l l y  
d i f f e r e n t  a n d  th e  n u t r ie n t  s ta tu s  o f  th e  s p o i l  is  n o t  lo w e r  th a n  th a t  o f 
th e  a l lu v iu m .  H e a v y  m e t a l  le v e ls  a re  s o m e w h a t h ig h e r  to  th e  n o r th  
o f  th e  w a l l  b u t  so  a r e  c a lc iu m  c o n c e n t r a t io n s .  O rg a n ic  c a rb o n  le v e ls  
a r e  v e r y  s i m i l a r  in  c e r t a in  s a m p le s .  N e v e r th e le s s  th e  g r e a te r  
f l o r i s t i c  d i v e r s i t y  o f  the  a l lu v iu m  s u g g e s ts  th a t  th is  s u b s t r a te  is  in  
s o m e  w a y  le s s  in im ic a l  to  p la n t  g r o w th .  T h is  m a t t e r  r e q u ir e s  f u r t h e r  
in v e  s t ig a t io n .
7 . 3______ T h e  h e a v y  m e ta l  c o m m u n it ie s  o f  the  s p o i l  h e a p s  a n d  l im e s to n e
s c a r p s
In  a d d i t io n  to  t h e i r  o c c u r r e n c e  on  th e  m e t a l l i f e r o u s  a l lu v iu m  a t  E l l e r  
B e c k  th e  in d ic a t o r  p la n ts  a re  fo u n d  o n  the  s p o i l  h e a p s  a t  s e v e r a l  
m in e s  in  th e  a r e a  a n d  in  p la c e s  w i t h  a b o ve  n o r m a l  c o n c e n t r a t io n s  o f  
h e a v y  m e t a l  o n  th e  l im e s to n e  s c a rp s  o f  I v y  S c a r  a n d  H a w  B a n k .
D is h e r  F o r c e  T r .  5 ( F ig .  7 . 8) c r o s s e d  a s p o i l  c o v e re d  a r e a  a s h o r t  
d is ta n c e  to  th e  n o r t h  o f  the  w a t e r f a l l  o f  D is h e r  F o r c e  ( F ig .  7 . 3 ).
T h e  t r a n s e c t  l in e  s a m p le d  the  m o s t  n o r t h e r ly  m a jo r  s i te  f o r  
A .  m a r i t im a  in  th e  E l l e r  B e c k  r e g io n .
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GEOBOTANY
Cochlearia officinalis
O  2 5
^ a m p a n u la  rotundifoUa
A nthoxanthum  odoratum
.1
Descham psia caespitosa
.1
Holcus lanatus
Festuca ovina
d  . .
0)
13) 50^ A grostis tenuis 
%
c L d LA rm eria  m aritim a
50,  M in uartia  verna
■ j g . . .
Bare Ground
GEOCHEMISTRY
120,000-
100,000
8 0 ,0 0 0 ,Pb
6 0 ,0 0 0
ppm
4 0 ,0 0 0 -
\Z n
20,000
Cu
RELIEF
Debris Covered Slope
Lim estone
C lif f
20
m etres
DISHER FORCE: TRANSECT 5. F ig u r e  7. 8
1S4
T a b le _ 2 d l  H e a v y  m e ta l ,  c a lc iu m ,  C a /H M  r a t io  a n d  p H  d e te r m in a t io n s
fro m . Disher  F o rce  Tr. 5.
S a m p le
d is ta n c e
L e a d
ip p r n )
Z in c C a lc iu m
(p p m )
C a /H M pH O rg a n ic
c a rb o n
Om 5 0 ,0 0 0 1 6 ,8 0 0 6 ,9 5 0 0 .1 4 6. 0 n d
6 m 7 8 , 600 18, 400 1 1 ,2 5 0 0 .1 4 6. 5 7 . 5%
12m 5 5 ,2 0 0 38 , 000 5 ,2 5 0 0 .1 0 6 .4 n d
18m 5 8 ,5 0 0 3 6 ,0 0 0 2 , 500 0. 04 6 .4 8 .2 %
2 4 m 6 1 ,8 0 0 1 7 ,1 0 0 7, 500 0 .1 2 6. 7 n d
3 0 m n d n d 6, 500 n d 6. 6 n d
In  th e  f i r s t  fe w  m e t r e s  o f  th e  t r a n s e c t  l in e  F e s tu c a  o v in a  a n d  A g r o s t is  
te n u is  w e re  p r e s e n t  a t  high c o v e r  v a lu e s  b u t  b e y o n d  b o th  s p e c ie s  w e re  
in f r e q u e n t  a n d  a n  a r e a  w i t h  m u c h  b a re  g ro u n d ,  o c c u p ie d  in  p la c e s  b y  
M .  v e r n a  a n d  A .  m a r i t i m a , w a s  e n c o u n te re d .  T he  c o n c e n t r a t io n s  o f  
b o th  le a d  a n d  z in c  o n  th is  t r a n s e c t  l in e  a re  h ig h  a n d  c a lc iu m  is  p r e s e n t  
in  lo w  a m o u n ts ,  th e  r e s u l t  is  s p o i l  o f  r e la t i v e l y  h ig h  t o x i c i t y  
(T a b le  7 . 11). I t  is  e v id e n t  f r o m  T a b le  7. 11 th a t  the  p H  o f  th e  s p o i l  is  
b e lo w  7 . 0 a n d  a ls o  th a t  o r g a n ic  c a rb o n  le v e ls  in  th e  s p o i l ,  a t  a r o u n d  
7 . 5%, a r e  h ig h e r  th a n  m ig h t  be  e x p e c te d  in  s p o i l  w i t h  v e r y  l i t t l e  p la n t  
c o v e r ,  b a re  g ro u n d  v a lu e s  in  m a n y  q u a d ra ts  a p p ro a c h  100%.
A l th o u g h  th e  a p p a r e n t  s lo p e  o f  th e  t r a n s e c t  l in e  o n  F ig .  7 . 8 is  o f  
th e  o r d e r  o f  10 ° th e  t r u e  s lo p e  o f  th e  g ro u n d  s u r fa c e  w a s  s l i g h t l y  
o b l iq u e  to  th e  t r a n s e c t  l in e ,  a b o u t n o r t h  e a s t to  n o r th  w e s t  a c r o s s  
th e  n o r t h  to  s o u th  t r e n d in g  t r a n s e c t .  D ra in a g e  w a te r  f r o m  th e  s p o i l  
h e a p s  to  th e  n o r t h  e a s t  ( F ig .  7 .2 )  a p p e a re d  to  f lo w  a c r o s s  th e  
t r a n s e c t  l in e  a t  t im e s ,  a s h a l lo w  c h a n n e l c r o s s e d  th e  l in e  a t  2 5 m  a n d  
a d e e p e r  one w a s  p r e s e n t  a t  2 9 m . T he  a re a  b e tw e e n  th e s e  tw o  
c h a n n e ls  p r e s e r v e d  in  i t s  s u r fa c e  th e  g e n e r a l  s lo p e  o f  th e  t r a n s e c t  
l in e  a n d  s e c t io n s  th r o u g h  th e  s p o i l  w e r e  e x p o s e d  o n  th e  c h a n n e l s id e s .  
T h e s e  s e c t io n s  s h o w e d  a n  u p p e r  la y e r ,  a b o u t IS c m s  in  d e p th , 
s ta in e d  b y  o r g a n ic  m a t t e r  w i t h  l i g h t e r  c o lo u r e d  s p o i l  b e lo w . In  
p la c e s  o n  th e  t r a n s e c t  l in e  tu s s o c k s  o f  A .  m a r i t i m a st<^od 1 0 cm
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a b o v e  th e  g e n e r a l  s u r fa c e  o f  th e  s p o i l  a n d  s o m e t im e s  up to  3 m  o f  
th e  to p  r o o ts  o f  in d iv id u a l  p la n ts  w e re  e x p o s e d .
p H  v a lu e s  lo w e r  th a n  7. 0 in  a n  a r e a  w i t h  b a re  s p o i l ,  h ig h is h  o r g a n ic  
c a r b o n  le v e ls  in  b a re  s p o i l  a n d  th e  tu s s o c k s  o f A .  m a r i t im a  s ta n d in g  
a b o v e  th e  s o i l  s u r fa c e  w h e n  c o n s id e r e d  in  c o m b in a t io n  s u g g e s t th a t  
c o n s id e r a b le  e r o s io n  o f  s u r fa c e  m a t e r ia l  h a s  ta k e n  p la c e  on  th is  
t r a n s e c t  l i n e .  I t  a p p e a rs  p o s s ib le  t h a t  a f a i r l y  c o m p le te  v e g e ta t io n  
c o v e r  o f  s p e c ie s  s u c h  as  F e s tu c a  o v in a , A g r o s t is  te n u is ,  M . v e r n a  
a n d  A .  m a r i t i m a , a n d  th e re  is  e v id e n c e  o f  th is  s o r t  o f  c o m m u n ity  in  
th e  f i r s t  fe w  m e t r e s ,  h a s  b e e n  a lm o s t  c o m p le te ly  r e m o v e d ,  o n ly  
A .  m a r i t im a  w i t h  i t s  f i r m  a n d  d e e p  ta p  r o o ts  r e s is t in g  th e  p ro c e s s  to  
a n y  e x te n t .  M .  v e r n a  h a s  p r o b a b ly  re  c o lo n iz e d  th e  b a re  s p o i l  
s u b s e q u e n t to  t h is  e p is o d e  o f  e r o s io n .
W h e re ,  a s  a p p a r e n t ly  h a p p e n e d  in  th is  c a s e , a c lo s e d  v e g e ta t io n  
c o m m u n i t y  d e v e lo p s  o v e r  t o x ic  m a t e r ia l  s o m e  o f  th a t  d e v e lo p m e n t 
a lm o s t  c e r t a in l y  o c c u r s  w i t h in  the  le s s  t o x ic  u p p e r  h o r iz o n  p ro d u c e d  
b y  a c c u m u la t io n  o f  o r g a n ic  m a t t e r .  I t  s e e m s  p ro b a b le  th a t  th is  
o r g a n ic  a n d  le s s  t o x ic  u p p e r  h o r iz o n  w i l l  n o t  be f i r m l y  b o u n d  b y  the  
r o o t s  o f  p la n ts  to  th e  m o r e  t o x ic  m a t e r ia l  a t d e p th . S uch  a n  o r g a n ic  
h o r iz o n  is  p r o b a b ly  s u s c e p t ib le  to  e r o s io n .  A t  th e  H a fn a  le a d  m in e  
n e a r  B e tw s - y - C o e d  th e  s lo u g h in g  o f f  o f  an  o r g a n ic  m a t  on  a 
s te e p ly  s lo p in g  h e a p  w a s  v e r y  n o t ic e a b le .  O n a s p o i l  h e a p  th e r e  c a n  
be  l i t t l e  in c o r p o r a t io n  o f  th e  o r g a n ic  m a t t e r  in to  th e  d e e p e r  s o i l  
l a y e r s  b y  f a u n a l  a c t io n  a n d  o r g a n ic  m a ts  d e v e lo p e d  o n  s p o i l  
m a t e r ia l s  m a y  be e s p e c ia l ly  s u s c e p t ib le  to  e r o s io n .  A lth o u g h  w a te r  
is  p r o b a b ly  th e  r e s p o n s ib le  e r o s iv e  f a c t o r  on  th is  p a r t i c u la r  
t r a n s e c t  l in e  i t  m a y  be th a t  a c c u m u la t io n s  o f  o r g a n ic  m k t t e r  o n  
s p o i l  h e a p  s lo p e s  d e v e lo p  a n  in h e r e n t  in s t a b i l i t y  in  th e  w a y  th a t  
p e a ts  o n  s lo p e s  a r e  b e l ie v e d  to  do . T h is  m a y  b e  a s ig n i f ic a n t  
f a c t o r  in  th e  c o lo n iz a t io n  o f  s lo p in g  d e b r is  m a te r ia ls  e v e n  w h e n  
th e  s p o i l  i t s e l f  is  n o t  n e c e s s a r i ly  u n s ta b le .
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T a b le  7. 12 P a r t i c le  s iz e  a n a ly s is  o f  s p o i l  f r o m  18m  on  D is h e r  
F o r c e  T r .  5
C o a r s e  M e d iu m  F in e  S i l t  C la y  O rg a n ic
s a n d  s a n d  s a n d c a rb o n
3 0 .9 %  1 0 .4 %  1 4 .3%  2 4 .8 %  12 .5%  8 .2 %
I t  a p p e a rs  f r o m  T a b le  7 . 12 th a t  th e  s p o i l  f r o m  D is h e r  F o r c e  T r .  5 is  
m o r e  c o a rs e  g r a in e d  th a n  th e  a l lu v iu m  o f th e  E l l e r  B e c k  f lo o d  p la in  
(T a b le  7 .4 ) .  T h e  s p o i l  a re a s  to  th e  n o r th  o f  D is h e r  F o r c e  a re  p r o b a b ly  
a m a jo r  s o u rc e  a r e a  f o r  th e  m e t a l l i f e r o u s  a l lu v iu m  o f  E l l e r  B e c k  
a n d  h a v e , f r o m  th e  e v id e n c e  f r o m  th is  t r a n s e c t ,  b e e n  s u b je c t  to  
e r o s io n  s u b s e q u e n t to  t h e i r  d e p o s it io n .  T he  f i n e r  te x tu r e  o f  th e
a l lu v iu m  o f th e  f lo o d  p la in  s u g g e s ts  th a t  th e  c o a rs e  p a r t ic le s  in  th e  
s p o i l  a r e  n o t  t r a n s p o r t e d  in  la r g e  q u a n t i t ie s  f o r  a n y  d is ta n c e  d o w n ­
s t r e a m .  I t  m a y  a ls o  be s u p p o s e d  th a t  the  c o a rs e  g r a in e d  s p o i ls  o f  
th e  s p o i l  h e a p s  a r e ,  o n  the  b a s is  o f  t h e i r  t e x tu r e ,  m o re  s u s c e p t ib le  
to  d r o u g h t  th a n  th e  f i n e r  g r a in e d  a l lu v iu m  o f th e  f lo o d  p la in .
T a b le  7 . 13 S o d iu m , p o ta s s iu m ,  m a g n e s iu m  a n d  p h o s p h o ro u s  c o n c e n ­
t r a t io n s  in  s p o i l  f r o m  18m  on  D is h e r  F o r c e  T r .  5
S o d iu m  P o ta s s iu m  M a g n e s iu m  P h o s p h o ro u s
(p p m )  (p p m ) (p p m )_______  (p p m )________
105 2 ,1 5 0  1 ,0 0 0  420
I t  is  e v id e n t  f r o m  T a b le  7.13 th a t  the  le v e ls  o f  n u t r ie n t s  s u c h  as  
p o ta s s iu m  a n d  p h o s p h o ro u s  in  the  s p o i l  f r o m  D is h e r  F o r c e  T r .  5 a re  
v e r y  s i m i l a r  to  th o s e  fo u n d  in  the  a l lu v iu m  o f th e  f lo o d  p la in  o f  E l l e r  
B e c k .
T h a c k th w a ite  B e c k  T r .  2 ( lo c a t io n  o n  F ig .  7. 3) w a s  a s h o r t  t r a n s e c t  
w h ic h  c r o s s e d  a s m a l l  s p o i l  h e a p  w i t h  F e s tu c a  o v in a ,  M . v e r n a  a n d  
T .  a lp e s t r e . A . m a r i t im a  w a s  n o t p r e s e n t  a t  tK s  s i te .  A s  T a b le  7 .1 4  
s h o w s  th e  s p o i l  h e re  is  f a i r l y  t o x ic  b u t n o t to  th e  e x te n t  o f  th a t  on  
D is h e r  F o r c e  T r .  5 . T h e  h e a v y  m e ta l  c o n c e n t r a t io n s  in  t h is  s p o i l
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Table 7 . 14 Heavy m eta l ,  ca lc ium, C a /H M  ratio and p H  determinat ions
from  Thackthv/aite Beck Tr. 2
S a m p le
d is ta n c e
L e a d Z in c
W l P )
C a lc iu m  
(p j)m )
C a /H M p H O r g a n ic
c a rb o n
Om 8 ,6 4 0 3 , 300 6 , 500 0 . 63 5. 7 n d
5 m 9, 400 6, 200 7 , 400 0 . 95 7 . 0 3 .1%
10m 14, 200 8, 500 7 ,1 5 0 0 . 39 6 .9 n d
a r e  c o n s id e r a b ly  lo w e r  th a n  o n  D is h e r  F o r c e  T r .  5 b u t th e  c a lc iu m  v a lu e s  
a r e  v e r y  s i m i l a r .  T h e  lo w  p H  o f  th e  s a m p le  f r o m  Om w a s  a s s o c ia te d  
w i t h  a lm o s t  c o m p le te  c o v e r  o f  F .  o v in a . T h e  p H  a t 5 m  e m p h a s is e s  a 
p o in t  th a t  w a s  m a d e  fo b  th e  D is h e r  F o r c e  t r a n s e c t .  In  t h is  s a m p le  
w h ic h  h a s  a v e r y  s i m i l a r  c a lc iu m  c o n c e n t r a t io n  to  m a n y  f r o m  D is h e r  
F o r c e  T r .  5 b u t  h a s  a lo w e r  o r g a n ic  c a rb o n  c o n te n t  the  p H  is  7 . 0 ; 
t h is  s u p p o r ts  th e  s u g g e s t io n  th a t  w a s  m a d e  f o r  th e  D is h e r  F o r c e  t r a n s e c t  
t h a t  th e  p H  v a lu e s  b e tw e e n  6. 0 a n d  7 . 0 th e re  w e re  r e la te d  to  th e  
le v e ls  o f  o r g a n ic  c a r b o n  in th e  s p o i l .
T a b le  7 .1 5  S o d iu m , p o ta s s iu m ,  m a g n e s iu m  a n d  p h o s p h o ro u s  c o n c e n ­
t r a t io n s  in  s p o i l  f r o m  5 m  on  T h a c k th w a ite  B e c k  T r .  2
S o d iu m  P o ta s s iu m  M a g n e s iu m  P h o s p h o ro u s
(p p m ) (p p m ) (P P ^ )_______  ( b P ^ J ----------------
195 1 ,140  3 ,2 4 0  400
M a g n e s iu m  ( T a b le  7. 15) is  p r e s e n t  in  h ig h e r  c o n c e n t r a t io n  in  th is  
s a m p le  th a n  o n  D is h e r  F o r c e  T r .  5 b u t  th e  p o ta s s iu m  c o n c e n t r a t io n  is  
a  l i t t l e  lo w e r .  T h e  a m o u n t  o f  p h o s p h o ro u s  is  v i r t u a l l y  th e  s a m e .
A  t e x t u r a l  a n a ly s is  o f  th e  s p o i l  f r o m  5 m  (T a b le  7. 16) s h o w s  th a t  
i t  is  a g a in  c o a rs e  g r a in e d  l i k e  th a t  o f  D is h e r  F o r c e  a n d  i t  a p p e a rs  
t h a t  m u c h  o f  th e  s p o i l  in  th e  D is h e r  F o r c e  r e g io n  m a y  be r e la t i v e l y  
c o a r s e  in  t e x tu r e .
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T a b le  7 .1 6 P a r t i c le  s iz e  a n a ly s is  o f  s p o i l  f r o m  5 m  o n  T h a c k th w a ite  
B e c k  T r .  2
C o a r s e  M e d iu m  F in e  S i l t  C la y  O rg a n ic
s a n d   s a n d  s a n d      c a rb o n
2 0 .8 %  1 3 .2 %  16 .8 %  30 .1%  1 2 .0 %  3.1%
O n  th e  s c a r p  o f  H a w  B a n k  a b o v e  T h e  S t r a i t s  ( F ig .  7 . 3) a s m a l l  
c o m m u n i t y  o f  M . v e r n a  o c c u r r e d  n e a r  to  th e  to p  o f  th e  s lo p e .  H a w  B a n k  
T r .  8 ( F ig .  7 . 9) r a n  h o r iz o n t a l l y  a lo n g  th e  l im e s to n e  s c a r p  a n d  f o r  
t h is  r e a s o n  th e r e  is  n o  p lo t  o f  th e  r e l i e f  o n  th e  t r a n s e c t  d ia g r a m .  T he  
s c a r p  a t  t h is  p o in t  w a s  r e la t i v e l y  u n s ta b le  a n d  c o v e re d  in  p la c e s  b y  
b lo c k y  l im e s to n e  d e b r is .  T h e  s t r a ta  o f  th e  C a r b o n i fe r o u s  L im e s to n e  
h e re  a r e  m o r e  o r  le s s  h o r iz o n t a l  a n d  s u c c e s s iv e  b e d s  o u tc r o p  o n  the  
fa c e  o f  th e  s c a r p ,  r e s u l t in g  in  le d g e s  u p  to  3 0 c m s  w id e .  T he  s lo p e  
a c r o s s  th e  t r a n s e c t  l in e  v a r ie d  f r o m  3 4 °  to  3 9 ° ,  g e n e r a l ly  b e in g  
b e tw e e n  3 7 °  a n d  3 9 ° .
A b o v e  th e  a r e a  o c c u p ie d  b y  M .  v e r n a  a  t r e n c h  a p p e a rs  to  h a v e  b e e n  c u t  
t h r o u g h  th e  c r e s t  o f  th e  s c a r p .  N o  s p o i l  h e a p s  w e re  p r e s e n t  n e a r  to  
t h is  t r e n c h  a n d  i t  a p p e a rs  p r o b a b le  th a t  the  e x c a v a te d  r o c k  w a s  
d u m p e d  o n to  th e  s c a r p  s lo p e  a lth o u g h  i t  w a s  im p o s s ib le  to  id e n t i f y  
a n y  s u c h  m a t e r ia l  a m id s t  th e  m a n t le  o f  s lo p e  d e p o s its .  T h e re  is  a 
p o s s ib i l i t y  t h e r e f o r e  th a t  th e  to x ic  a r e a  o c c u p ie d  b y  M . v e r n a  o n  H a w  
B a n k  is  n o t  a n a t u r a l l y  o u tc r o p p in g  m in e r a l i s a t io n  b u t  due to  m e t a l ­
l i f e r o u s  s p o i l  d u m p e d  o n to  th e  s lo p e .  T h e  v e r y  f a c t  o f  th e  e x c a v a t io n  
o n  th e  c r e s t  o f  th e  s c a r p  h o w e v e r  s u g g e s ts  th a t  a m in e r a l  v e in  
o c c u r s  a t  t h is  p o in t  a n d  i t  is  p r o b a b le  th a t  th e  m e t a l l i f e r o u s  a re a  
o n  th e  s lo p e  is  th e  r e s u l t  o f  a n a t u r a l l y  o u tc ro p p in g  m in e r a l i s a t io n  
a u g m e n te d  b y  s p o i l  c o n ta in in g  h e a v y  m e ta l .
F ig .  7 . 9 s h o w s  th a t  M . v e r n a  i  s c le a r l y  a s s o c ia te d  w i t h  th e  zone  o f 
h ig h  le a d  c o n c e n t r a t io n s .  I t  is  e v id e n t  th a t  le a d  is  th e  m a jo r  a g e n t o f  
t o x i c i t y ,  c o n c e n t r a t io n s  o f  z in c  a p p e a r  to  in c re a s e  o n ly  s l ig h t l y  on  
th e  a n o m a lo u s  a r e a .  A lth o u g h  c o v e r  v a lu e s  o f a s s o c ia te d  s p e c ie s  
s u c h  a s  S e & te ria . a lb ic a n s  K i t .  e x  S c h u lt .  a n d  H e l ia n th e m u m
lo 9
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c h a m a e c is tu s  a re  a l i t t l e  lo w e r  in  th e  a n o m a lo u s  znne  a n d  th e y  te n d  a ls o  
to  o c c u r  in  f e w e r  q u a d ra ts  i t  d o e s  n o t a p p e a r  th a t  th e y  a re  c o m p le te ly  
e x c lu d e d  b y  e x c e s s iv e  t o x i c i t y .  I t  is  c le a r  f r o m  T a b le  7. 17 th a t  
C a / H M  r a t io s  a re  lo w e r  in  th e  zone  o f  h ig h e r  le a d  c o n c e n t r a t io n s .
T a b le  7 . 17 H e a v y  m e ta l ,  c a lc iu m ,  C a /H Iv I  r a t io  a n d  p H  d e te r m in a t io n s
f r o m  H a w  B a n k  T r .  8
S a m p le
d is ta n c e
L e a d
.(ppm .)
Z in c
(p p m )
C a lc iu m
(p p m )
C a /H M p H
Om 3 ,8 5 0 2, 700 1 3 ,5 0 0 3. 50 7. 5
10 m 35 , 200 5, 600 3 1 ,5 0 0 0 .8 9 7. 6
2 0 m 3 3 , 000 4 , 400 5 7 ,5 0 0 1 .7 4 7. 7
3 0 m 5 ,0 9 0 5, 600 2 0 ,0 0 0 3 .9 3 7. 6
P h o s p h o ro u s  c o n c e n t r a t io n s  in  th e  s o i l  f r o m  H a w  B a n k  T r .  8 (T a b le  
7 ,1 8 )  a re  a l i t t l e  h ig h e r  th a n  th o s e  fo u n d  in  m a n y  o th e r  m e t a l l i f e r o u s  
s u b s t r a te s  i n  th e  E l l e r  B e c k  r e g io n  w h i le  p o ta s s iu m  a n d  m a g n e s iu m  
a r e  p r e s e n t  i n  q u ite  h ig h  a m o u n ts .
T a .b le  7 .1 8  S o d iu m , p o ta s s iu m ,  m a g n e s iu m  a n d  p h o s p h o ro u s  c o n ­
c e n t r a t io n s  in  s o i l  f r o m  2 0 m  o n  H a w  B a n k  T r ,  8
S o d iu m  P o ta s s iu m  M a g n e s iu m  P h o s p h o ro u s
(p p m ) (p p m ) (p p i^ )  (PP’^ )
4 8 0  4 ,2 9 0  4 ,4 3 0  600
T o  th e  n o r t h  o f  H a w  B a n k  a t  th e  w e s te r n  end  o f  I v y  S c a r  ( F ig .  7 . 3 ), 
j u s t  b e lo w  th e  o u tc r o p p in g  l im e s to n e  w h ic h  m a r k s  th e  s c a r p  c r e s t ,  
a n  e x te n s iv e  M . v e r n a  c o m m u n it y  o c c u r s .  A t  H a w  B a n k  as ju s t  
d is c u s s e d  th e r e  w a s  th e  p o s s ib i l i t y  o f  s o m e  d is tu r b a n c e  due to  
m in in g ,  th e  c o m m u n i t y  o f M .  v e r n a  o n  Iv y  S c a r  a p p e a rs  to  be one 
e n t i r e l y  u n a f fe c te d  b y  m in e r a l  e x t r a c t io n ,  a c o m m u n ity  o c c u r r in g  
o n  a c o m p le te ly  n a t u r a l  m e t a l l i f e r o u s  h a b i ta t .
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I v y  S c a r  T r .  3 ( F ig .  7 . 10) r a n  a lo n g  I v y  S c a r  ju s t  b e lo w  th e  c r e s t  a n d  
f o r  t h is  r e a s o n  r e l i e f  is  n o t  p lo t t e d  o n  th e  t r a n s e c t  d ia g r a m .  T h e  a n g le  
o f  s lo p e  a c r o s s  th e  t r a n s e c t  l in e  w a s  g e n e r a l ly  b e tw e e n  3 5 °  a n d  4 0 ° ,  
a b o u t  th e  s a m e  as  o n  H a w  B a n k  T r .  8 . F ig .  7 .1 0  s h o w s  th a t  M . v e rn a  
o c c u p ie d  th e  a r e a  o f  th e  m a in  h e a v y  m e ta l  a n o m a ly  in  th e  5 m  to  4 0 m  
r e g io n  a n d  o c c u r r e d  a g a in  a t  s m a l l  c o v e r  v a lu e s  in  th e  r e g io n  o f  7 0 m .
I t  is  r e a s o n a b ly  c le a r  th a t  M . v e r n a  is  r e s t r i c t e d  to  th o s e  a re a s  w h e re
b o th  le a d  a n d  z in c  a re  p r e s e n t  a t h ig h  c o n c e n t r a t io n s  in  th e  s o i l ,
th e  s p e c ie s  is  n o t a s s o c ia te d  w i t h  th e  high z in c  c o n c e n t r a t io n s  b e y o n d  8 0 m .
I t  i s  e v id e n t  f r o m  T a b le  7 .1 9  th a t  th e  a re a s  w h e re  M . v e r n a  o c c u rs  
a t  th e  h ig h e s t  c o v e r  v a lu e s ,  r e p r e s e n te d  b y  th e  s a m p le s  f r o m  2 0 m  a n d  
3 0 m , a r e  th o s e  w i t h  s o i ls  w i t h  th e  lo w e r  C a /H M  r a t io s .
T a b le  7 .2 0  s h o w s  th a t  th e  s o i l  o f  I v y  S c a r  is  m u c h  f i n e r  in  te x tu r e  
th a n  th e  s p o i ls  o f  th e  s p o i l  h e a p s  o r  th e  a l lu v iu m  o f the  f lo o d  p la in  
o f  E l l e r  B e c k .  T h u s  a lth o u g h  I v y  S c a r  is  r a t h e r  m o r e  e x p o s e d  to  
w in d  a n d  s u n  th a n  m o s t  s p o i l  h e a p s  th e  g r e a t e r  m o is tu r e  h o ld in g  
c a p a c i t y  o f  th e  s o i l  w h ic h  m a y  be i n f e r r e d  f r o m  i t s  te x tu r e  w i l l  o f f s e t  
t h is  to  s o m e  e x te n t .
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Table 7, 19 Heavy m eta l ,  ca lc ium, Ca/Hlvl ratio and pH determinat ions
from  Ivy Scar Tr. 3
Sam jD le
d is ta n c e
I je a d
(p p m )
Z in c
(p p m )
C a lc iu m
(p p m )
C a /H M pH
2 m 4 ,2 9 0 1 0 ,9 0 0 17, 000 2 . 77 7. 5
10m 6, 200 12, 100 4 4 ,5 0 0 3. 63 7. 6
2 0 m 2 7 ,2 0 0 1 3 ,8 0 0 4 0 ,0 0 0 1. 17 7. 3
3 0 m 2 1 ,8 0 0 13, 200 4 4 ,5 0 0 1. 57 7. 6
4 0 m 7 , 070 10, 000 3 3 ,0 0 0 2 . 73 7 . 5
5 0 m 1 ,7 3 0 1 3 ,8 0 0 15 , 500 1 .8 0 7. 5
6 0 m 1, 520 16, 100 3 7 ,5 0 0 3. 92 7 .4
7 0 m 8. 410 1 7 ,8 0 0 16 , 650 0 . 96 7 . 5
8 0 m 1 ,7 3 0 30 , 000 55 , 000 3 .2 9 7. 6
9 0 m 1 ,4 2 0 1 6 ,8 0 0 1 8 ,0 0 0 1 .8 0 7 .7
10 2 m 1 ,7 3 0 1 5 ,2 0 0 35 , 500 3. 80 7 . 7
110m 1 ,4 2 0 8, 500 1 5 ,7 5 0 2 . 78 7 .7
130m 1, 520 2 7 ,0 0 0 3 1 ,5 0 0 2 . 10 7. 7
15 0 m 1, 970 9, 100 4 2 ,5 0 0 6. 52 7 .7
T a b le  7. 20 P a r t i c le s iz e  a n a ly s is  o f  s o i l  f r o m  14m  on  I v y  S c a r T r .
C o a r s e
s a n d
M e d iu m
s a n d
F in e
!sa n d
S i l t C la y O r g a n ic
c a rb o n
3 .0 % 3 .2 % 7 . 6% 5 9 .2 % 19.1% 11. 4%
A s  T a b le  7 . 21 in d ic a te s  th e  s o i l  o n  I v y  S c a r  is  in  i t s  p h o s p h o ro u s  a n d  
p o ta s s iu m  c o n c e n t r a t io n s  e n t i r e l y  th e  o p p o s ite  o f  th a t  on  H a w  B a n k . 
H e r e  p h o s p h o ro u s  is  p r e s e n t  in  h ig h  c o n c e n t r a t io n  a n d  p o ta s s u m  o c c u r s  
a t  o n ly  765  p p m .
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T a b ic  7 .2 1  S o d iu m , p o ta s s iu m ,  m a g n e s iu m  a n d  p h o s p h o ro u s  c o n c e n  
t r a t io n s  in  s o i l  f r o m  3 0 m  o n  I v y  S c a r  T r .  3
S o d iu m
( p p m )
3 70
P o ta s s iu m
(p p m )
765
M a g n e s iu m
(p p m )
2 , 700
P h o s p h o ro u s  
(ppm )________
1, 920
T h la s p i  a lp e s t r e  o c c u r r e d  in  tw o  p la c e s  on  I v y  S c a r ,  m i  t h e r  o f  w h ic h  
w a s  o n  th e  t r a n s e c t  l in e .  T h e s e  tw o  p la c e s ,  f a r t h e r  d o w n  th e  s lo p e , 
w e r e  a t  p o in ts  e q u iv a le n t  to  3 0 m  a n d  9 0 m  o n  th e  t r a n s e c t  l in e .
7 . 4________M in o r  o c c u r r e n c e s  o f th e  in d ic a to r  s p e c ie s
I n  a d d i t io n  to  t h e i r  s i te s  o n  th e  l im e s to n e  s c a r p s ,  s p o i l  h e a p s  and 
f lo o d  p la in  a t  E l l e r  B e c k  the  in d ic a t o r  s p e c ie s  a r e  fo u n d  in  d iv e r s e  
h a b i t a t s ,  o f te n  r e p r e s e n te d  b y  o n ly  a fe w  p la n ts .  T h e  s p o t s a m p le s  
w h ic h  f o l l o w  g iv e  a n  in d ic a t io n  o f  th e  n a tu re  o f  s o m e  o f  th e s e  s i te s .
A t  D is h e r  F o r c e  w a t e r f a l l  a n d  u p s t r e a m  w h e re  th e  le a t  jo in s  E l l e r  
B e c k  o n  i t s  e a s te r n  s id e  b y  m e a n s  o f  a s m a l l  w a t e r f a l l  ( F ig .  7 . 3)
A .  m a r i t im a  a n d  M . v e r n a  g r e w  in  jo in t s  a n d  c r a c k s  o n  th e  l im e s to n e  
fa c e s  o f  th e  f a l l s .  S a m p le  17 in  T a b le  7 .2 2  is  f r o m  s u c h  a s ite  on  
th e  D is h e r  F o r c e  w a t e r f a l l  a n d  S a m p le  21 is  f r o m  th e  le a t  w a t e r f a l l .
I t  is  c le a r  th a t  b o th  s a m p le s  c o n ta in  c o n s id e ra b le  a m o u n ts  o f b o th  
le a d  a n d  z in c .  A b o u t  4 0 m  to  th e  e a s t  o f  D is h e r  F o r c e  is  a n  a re a  
f r o m  w h ic h  th e  p e a t,  w h ic h  c o v e r s  th e  b e n c h  fe a tu r e  to  th e  n o r th  
o f  H a w  B a n k ,  h a s  b e e n  e ro d e d  a n d  h e re  M . v e r n a  a n d  T . a lp e s t r e  
g r e w  in  a s o i l  (S a m p le  2 2 , T a b le  7. 2 2 ) w h ic h  w a s  a m ix t u r e  o f 
l im e s to n e  a n d  p e a t f r a g m e n ts  a n d  c o n ta in e d  h ig h  c o n c e n t r a t io n s  o f  le a d  
a n d , e s p e c ia l ly ,  z in c .  T h e  t o x i c i t y  a t  th is  s ite  is  p r o b a b ly  r e la te d  to  
w a t e r  c a r r y in g  h e a v y  m e ta l  p e r c o la t in g  th ro u g h  th e  b a s a l la y e r s  
o f  th e  p e a t f r o m  th e  w o r k in g s  a t  th e  W e t G ro o v e s  L e a d  M in e  
( F ig .  7 . 3 ) .  T h e s e  w a te r s  m a y  a ls o  be r e s p o n s ib le  f o r  th e  h ig h  
h e a v y  m e t a l  c o n c e n t r a t io n  in  S a m p le  17 f r o m  ju s t  e a s t  o f  th e  w a t e r f a l l  
a t  D is h e r  F o r c e ,  t h is  is  p r o b a b ly  th e  p la c e  a t  w h ic h  w a te r  s e e p in g
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T a b le  7 . 22 H e a v y  m e t a l  c o n c e n t r a t io n s  i n  s p o t  s a m p le s  f r o m  th e  
E l l e r  B e c k  r e g io n
S a m p le C o p p e r L e a d Z in c
n u m b e r (p p m ) (PJEP). (P£.m),
15 77 6 ,4 4 0 10, 300
16 400 21, 800 4 1 ,0 0 0
17 35 10, 000 1 5 ,8 0 0
18 77 9 0 ,0 0 0 6 8 ,0 0 0
19 67 3 4 ,2 0 0 2 4 , 000
21 47 31, 500 2 9 ,1 0 0
22 87 8 ,2 5 0 1 9 ,7 0 0
23 15 1, 000 770
2 4 26 1 ,9 0 0 300
f r o m  th is  d i r e c t io n  jo in s  E l l e r  B e c k .  C e r t a in ly  th e  h ig h  h e a v y  m e ta l  
c o n te n t  o f  S a m p le  17 d o e s  n o t  a p p e a r  to  be  r e la t e d  to  m in e r a l i s a t io n  
o f  a b e d d in g  p la n e  in  th e  l im e s to n e ,  th e  b e d d in g  p la n e  o n  w h ic h  the  
in d ic a t o r  p la n ts  g r e w  a t  D is h e r  F o r c e  w a s  t r a c e d  to  th e  e a s t  a n d  
w e s t  o f  th e  f a l l  a n d  n o  in d ic a t o r  s p e c ie s  w e re  p r e s e n t .  S a m p le s  23 
a n d  2 4  (T a b le  7 . 22 ) f r o m  w e s t  a n d  e a s t  o f  th e  f a l l  r e s p e c t iv e ly  do 
n o t  s h o w  h ig h  le v e ls  o f  h e a v y  m e ta l .
A t  T h e  K n o t  n e a r  th e  W e t G ro o v e s  L e a d  M in e  A .  m a r i t im a , T .  a lp e s t r e  
a n d  M . v e r n a  g r e w  in  a f e w  p la c e s  in  p o c k e ts  o f  s o i l  o n  th e  o u t ­
c r o p p in g  l im e s to n e .  T h e  n a m e . T h e  K n o t,  is  p r e s u m a b ly  a n  a l lu s io n  
to  th e  a p p e a ra n c e  o f  th e  l im e s to n e  a t  t h is  p o in t ,  th e  b e d d in g  is  
e x t r e m e ly  c o n fu s e d  a n d  d is tu r b e d  a n d  i t  w a s  im p o s s ib le  to  be c e r t a in  
w h e th e r  th e  s i te  f r o m  w h ic h  S a m p le  15 w a s  ta k e n  h a d  b e e n  a f fe c te d  
b y  m in in g  a c t i v i t y .  I t  is  th o u g h t  h o w e v e r  th a t  i t  h a s  b e e n . T he  
a n a ly s e s  f o r  t h is  s i te  in  T a b le  7 .2 2  s h o w  m o d e ra te  le v e ls  o f  le a d  
a n d  z in c  to  be p r e s e n t .
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T o  th e  n o r t h  o f  D is h e r  F o r c e  a le a t ,  no  lo n g e r  c a r r y in g  w a te r ,  le a v e s  
E l l e r  B e c k  a n d  t r e n d s  a p p r o x im a te ly  w e s tw a r d s .  T h e  b a n k s  o f  th e  
le a t  p r o v id e  a h a b i ta t  f o r  th e  in d ic a t o r  s p e c ie s  T .  a lp e s t r e . M . v e rn a  
A y  m a r i t im a . A l l  o f  th e m  g r e w  a t  th e  s ite  f r o m  w h ic h  S a m p le  18 
w a s  ta k e n  w h i le  o n ly  A .  m a r i t im a  w a s  p r e s e n t  f a r t h e r  w e s t  a t  th e  
s i te  o f  S a m p le  19. B o th  th e s e  s a m p le s  (T a b le  7 .2 2 )  s h o w  h ig h  
a m o u n ts  o f  b o th  le a d  a n d  z in c .
S a m p le  16 w a s  o f  m a t e r ia l  f r o m  th e  r o a d  c o n n e c t in g  D is h e r  F o r c e  w i th  
th e  W e t G ro o v e s  L e a d  M in e .  M . v e r n a  g r e w  a t th is  s i te .  T h e  h e a v y  
m e t a l  c o n te n t  o f  th is  m a t e r i a l  (T a b le  7 .2 2 )  e m p h a s is e s  th e  p o in t  
t h a t  in  m a n y  m in in g  a re a s  th e  t r a c k s  a r e  c o n s t r u c te d  f r o m  s p o i l ,  
t h is  f a c t  a t  E l l e r  B e c k  a n d  in  o th e r  m in in g  f ie ld s  is  r e f le c t e d  in  th e  
p r e s e n c e  o f  th e  in d ic a t o r  s p e c ie s  on  m in in g  ro a d s  a n d  t r a c k s .
7 . 5________ O b s e r v a t io n s  o n  th e  in d ic a t o r  s p e c ie s  a n d  t h e i r  h a b ita ts  a t
E l l e r  B e c k
T h e  E l l e r  B e c k  r e g io n  h a s  b e e n  th o r o u g h ly  s e a rc h e d  f o r  o c c u r r e n c e s  
o f  th e  in d ic a t o r  s p e c ie s  a n d  th e y  h a v e  b e e n  fo u n d  g r o w in g  in  s i te s  
a s  d iv e r s e  as  s t r e a m s id e  a l lu v iu m  a n d  l im e s to n e  s c a r p s .  T h e  v a r io u s  
s i t e s  d i f f e r  in  th e  te x tu r e  o f  t h e i r  s u b s t r a te s ,  t h e i r  n u t r ie n t  s ta tu s ,  
t h e i r  d e g re e  o f  s t a b i l i t y  a n d  th e  e x te n t  to  w h ic h  th e y  a re  th e  r e s u l t  
o f  th e  a c t i v i t i e s  o f  m a n  b u t  th e y  a l l  h a v e  one th in g  in  c o m m o n , 
r e l a t i v e l y  h ig h  c o n c e n t r a t io n s  o f h e a v y  m e ta ls  in  t h e i r  s o i ls .  S o m e  
o f  th e  h a b i ta ts  a r e  o b v io u s ly  th e  r e s u l t  o f  m in in g  in  th e  p a s t ,  th e  
s p o i l  h e a p s  c le a r l y  f a l l  in to  th is  c a te g o r y .  O ne s i te  a t  le a s t .  I v y  
S c a r ,  w h e re  M . v e r n a  a n d  T .  a lp e s t r e  g re w ,  a p p e a rs  to  h a v e  b e e n  
u n a f fe c te d  b y  h e a v y  m e ta l  m in in g  a n d  is  a n a t u r a l l y  o c c u r r in g  m e t a l ­
l i f e r o u s  h a b i ta t .
I n  th e  d is c u s s io n  o f  th e  s u r v i v a l  o f  th e  in d ic a to r  s p e c ie s  in  D e r b y s h ir e  
f r o m  th e  im m e d ia te  P o s t  G la c ia l  p e r io d  to  th e  t im e  o f  th e  f i r s t  
m in in g  a c t i v i t y  w h e n  s p o i l  h e a p s  b e c a m e  a v a i la b le  f o r  c o lo n iz a t io n  
th e  ’ ’ h e a v y  m e t a l  r e f u g iu m ”  w a s  p o s tu la te d .  T h is  was a p la c e  w h e re
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h e a v y  m e ta ls  w e re  in  s u f f i c ie n t l y  h ig h  c o n c e n t r a t io n  in  th e  s o i l  to  
d e p r e s s  c o m p e t i t io n  s u f f i c ie n t l y  to  a l lo w  s p e c ie s  s u c h  as  M . v e r n a  
to  o c c u r  a n d  v /h e re  a ls o  s u c c e s s io n  w o u ld  be p re v e n te d  b y  in s t a b i l i t y ,  
f o r  w i t h  s u c c e s s io n  c o m e s  the  a c c u m u la t io n  o f  o r g a n ic  m a t t e r  w h ic h  
te n d s  to  im m o b i l i z e  th e  h e a v y  m e ta ls  in  th e  s o i l  a n d  a ls o  im p r o v e  th e  
p h y s ic a l  c o n d it io n s  o f  th e  s u b s t r a te ,  a n d  b o th  th e s e  d e v e lo p m e n ts  a re  
to  th e  a d v a n ta g e  o f  th e  c o m p e t i t o r s  o f  th e  in d ic a to r  s p e c ie s .
O n  E l l e r  B e c k  T r .  1 th e  e f fe c ts  o f  s u c h  s u c c e s s io n  w e re  e v id e n t ,  
c o n s id e r a b le  a c c u m u la t io n s  o f  o r g a n ic  m a t t e r  o c c u r r e d  in  th e  s o i l  
a n d  s p e c ie s  s u c h  as F e s tu c a  o v in a  a n d  A g r o s t is  te n u is  o c c u p ie d  the  
s p o i l  a t  h ig h  c o v e r  v a lu e s  to  th e  e x c lu s io n  o f  th e  in d ic a t o r  s p e c ie s .  
T h e  p r o c e s s  o f  s u c c e s s io n  o n  I v y  S c a r ,  h o w e v e r ,  is  p re v e n te d  b y  th e  
i n s t a b i l i t y  o f  th e  l im e s to n e  s c re e e .  I t  is  f u r t h e r m o r e  u n l ik e ly  th a t  
w o o d y  v e g e ta t io n  e v e n  in  th e  p a s t  e x te n d e d  to  th e  c r e s t  o f  th e  s c a r p  
a n d  i t  is  b e l ie v e d  th a t  I v y  S c a r  is  a n  e x a m p le  o f  one ty p e  o f  h e a v y  
m e t a l  r e f u g iu m .
I t  i s  th e  c a s e , h o w e v e r ,  th a t  th e  l im e s to n e  s c a r p  o f  I v y  S c a r  lo o k s  
l i k e  m a n y  o th e r s  w h ic h  f la n k  th e  Y o r k s h i r e  D a le s .  O n c lo s e r  
in s p e c t io n  th e  s i t u a t io n  is  l i t t l e  d i f f e r e n t ,  c h a r a c t e r i s t i c  s p e c ie s  o f  
l im e s to n e  s c a r p s  s u c h  as  S e s le r ia  a lb ic a n s , T h y m u s  d r u c e i ,
H e l ia n th e r n u m  c h a m a e c is tu s  a n d  G a l iu m  p u m i lu m  M u r r a y  g r o w  w i th  
M .  v e r n a  a n d  T .  a lp e s t r e . I t  w a s  s u g g e s te d  in  the  d is c u s s io n  o f  th e  
d i s t r i b u t i o n  o f  th e  in d ic a t o r  s p e c ie s  in  D e r b y s h ir e  th a t  c e r t a in  
k in d s  o f  m e t a l l i f e r o u s  h a b i ta t  m ig h t  e a s i ly  go  u n re c o g n is e d  b y  f i e ld  
o b s e r v e r s  a n d  I v y  S c a r  c l e a r l y  f a l l s  in to  th is  c a te g o r y .
A s  h a s  b e e n  s ta te d  p r e v io u s ly  c e r t a in  s i te s  a t  E l l e r  B e c k  a r e  c le a r l y  
th e  r e s u l t  o f  th e  h a n d  o f  m a n  a n d  one s i te ,  I v y  S c a r ,  is  a lm o s t  
c e r t a in l y  e n t i r e l y  n a tu r a l .  M a n y  o th e r  s i te s  a t  E l l e r  B e c k  f a l l  
s o m e w h e re  b e tw e e n  th e  tw o .  H a w  B a n k  T r .  8 m a y  h a v e  b e e n  a f fe c te d  
b y  m in in g  o p e r a t io n s  o n  th e  s c a r p  c r e s t  a b o v e  a n d  the  w a t e r f a l l  
a t  D is h e r  F o r c e  w i th  i t s  h ig h  h e a v y  m e ta l  c o n c e n t r a t io n s  in  th e
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b a c k w a l l  a p p e a rs  to  h a v e  b e e n  in f lu e n c e d  b y  d ra in a g e  w a te r s  c o n ta in in g  
h e a v y  m c t i l  f lo w in g  f r o m  th e  la r g e  a re a  o f  s p o i l  h e a p s  a t th e  W e t 
G ro o v e s  M in e  b u t  th e  m a in  e x a m p le  o f  th e  " s e m i - n a t u r a l "  h a b i ta t  
i s  th e  f lo o d  p la in  o f  E l l e r  B e c k .  I t  c a n n o t be s u p p o s e d  th a t  th e  f lo o d  
p la in  h a s  b e e n  u n a f fe c te d  b y  th e  m in in g  a c t i v i t y  in  th e  h e a d w a te rs  
o f  th e  s t r e a m .  T h e re  is a b u n d a n t e v id e n c e  a t  th e  p r e s e n t  d a y  o f 
e r o s io n  o f  s p o i l  h e a p s  in  th e  D is h e r  F o r c e  a r e a  and  in  th e  p a s t  w a te r  
f r o m  th e  b e c k  w o u ld  h a v e  b e e n  u s e d  f o r  w a s h in g  o re  w i t h  th e  r e a s o n a b le  
c e r t a in t y  th a t  s o m e  o f  th e  f i n e r  m e t a l l i f e r o u s  m a t e r ia l  w o u ld  f in d  
i t s  w a y  in to  th e  s t r e a m  b y  t h is  m e a n s .  O n  th e  o th e r  h a n d  to  th e  n o r t h  
o f  D is h e r  F o r c e  E l l e r  B e c k  f lo w s  in  a w e l l  d e v e lo p e d  v a l le y  a p p a r e n t ly  
a lo n g  th e  l in e  o f  a v e in .  A l th o u g h  th e  v a l le y  s id e s  h a ve  b e e n  c o n s id e r a b ly  
m o d i f ie d  in  t h is  a re a  a n d  i t  is  im p o s s ib le  to  d e f in e  th e  s i t u a t io n  b e fo r e  
m in in g  i t  is  p o s s ib le  th a t  s o m e  m e t a l l i f e r o u s  a l lu v iu m  fo u n d  i t s  w a y  
in t o  th e  f lo o d  p la in  o f  E l l e r  B e c k  a t th is  s ta g e  due to  n a tu r a l  a g e n c ie s  
o f  e r o s io n .
T h e  b e d  lo a d  o f  E l l e r  B e c k  to d a y  s e e m s  r i c h  in  h e a v y  m e ta l ,  s t r e a m  
s e d im e n t  a n a ly s e s  f r o m  th r e e  p la c e s  b e lo w  T h e  S t r a i t s  s h o w e d  le a d  
a n d  z in c  to  be  p r e s e n t  in  c o n c e n t r a t io n s  b e tw e e n  10, 000 a n d  50, 000 
p p m ,  th e  e q u a l o f  th o s e  in  th e  a l lu v iu m  o f th e  f lo o d  p la in ,  a n d  p r e s u m a b ly  
d e p o s i t io n  o f  m e t a l l i f e r o u s  a l lu v iu m  is  o c c u r r in g  in  p la c e s  o n  the  
f lo o d  p la in  to d a y .
In  th e  a c c o u n t  o f  th e  d i s t r i b u t io n  o f  th e  in d ic a t o r  s p e c ie s  o n  th e  f lo o d  
p la in  o f  E l l e r  B e c k  i t  w a s  p o in te d  o u t th a t  t h e i r  d is t r ib u t io n  c o n ­
f o r m e d  to  th e  a re a s  o f  h ig h  t o x i c i t y  in  th e  s o i l  a n d  th a t  th e s e  h ig h  
t o x i c i t i e s  d e p re s s e d  c o m p e t i t io n  f r o m  o th e r  s p e c ie s  s u f f i c ie n t l y  to  
a l lo w  th e  in d ic a t o r  p la n ts  to  e x is t .  T h is  is  e s s e n t ia l l y  a s p a t ia l  
in t e r p r e t a t io n ,  th e  te m p o r a l  d im e n s io n  o f  s u c c e s s io n  m u s t  a ls o  be 
c o n s id e r e d .
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O n  I v y  S c a r  a t  E l l e r  B e c k  M .  v e r n a  o c c u r s  in  w h a t  m a y  be c o n s id e re d  
to  be a s ta b le  m e t a l l i f e r o u s  s i te  in  t e r m s  o f  s u c c e s s io n .  S om e 
s u c c e s s io n  h a s  ta k e n  p la c e ,  th e r e  is  e v id e n c e  o f  th e  a u to g e n ic  p ro c e s s  
(O d u m , 1975) o f  o r g a n ic  m a t t e r  a c c u m u la t io n  in .th e  s o i l  b u t  th is  
a p p e a rs  to  h a v e  c o m e  to  b a la n c e  w i t h  th e  a l lo g e n ic  p r o c e s s  (O d u m ,
197 5) o f  s lo p e  in s t a b i l i t y .  O n  s p o i l  h e a p s , a t  le a s t  th o s e  w h ic h  a re  
n o t  a c t i v e l y  e r o d in g ,  a u to g e n ic  p r o c e s s e s ,  s u c h  as  o r g a n ic  m a t t e r  
a c c u m u la t io n ,  w i l l  be  d o m in a n t  a lth o u g h  t h e i r  r a te  a n d  p e rh a p s  a ls o  
th e  d e g re e  o f  u l t im a t e  d e v e lo p m e n t  o f  th e  v e g e ta t io n  c o m m u n ity  w i l l  
b e  c o n t r o l le d  b y  th e  t o x i c i t y  o f  the  s u b s t r a te .  S u c c e s s io n  o n  s ta b le  
s p o i l  h e a p s  w i l l  be  a p r o c e s s  w h ic h  in  m o s t  c a s e s  w i l l  p ro c e e d  
w i t h o u t  m u c h  in t e r f e r e n c e  f r o m  a l lo g e n ic  f o r c e s .  T h i  s w i l l  n o t  be 
th e  c a s e  o n  th e  a l lu v iu m  o f  E l l e r  B e c k  f o r  c le a r l y  th e  p r o c e s s  o f  
s u c c e s s io n  w i l l  be in t e r r u p t e d  b y  th e  d e p o s it io n  o f  f r e s h  t o x ic  
a l lu v iu m .  I t  m a y  be th e  c a s e  th a t  th e  d is t r ib u t io n  o f  th e  in d ic a to r  
s p e c ie s  a t  E l l e r  B e c k  r e p r e s e n ts  a b a la n c e  b e tw e e n  th e  a u to g e n ic  
f o r c e s  o f  m o d i f i c a t io n  o f  th e  a l lu v iu m  b y  c o m m u n it y  a c t io n  a n d  th e  
a l lo g e n ic  f o r c e s  o f  a l lu v iu m  d e p o s i t io n .  T h is  w o u ld  be  a s i tu a t io n  
e q u iv a le n t  to  th e  b a la n c e  o f  a l lo g e n ic  a n d  a u to g e n ic  f o r c e s  m a in -  ' 
t a in in g  th e  lo n g  t e r m  s t a b i l i t y  o f  th e  I v y  S c a r  in d ic a to r  p la n t  
c o m m u n i t y .  A  b a la n c e  o f  a u to g e n ic  a n d  a l lo g e n ic  fo r c e s  o n  th e  f lo o d  
p la in  w o u ld  r e q u i r e  d e p o s i t io n  o f  t o x ic  m a t e r ia l  to  o c c u r  in  th e  s a m e  
p la c e s  o n  th e  f lo o d  p la in  a t  e a c h  a l lu v iu m  d e p o s it in g  f lo o d .
O n  p a r t s  o f  E l l e r  B e c k ,  e s p e c ia l ly  in  th e  a r e a  b e lo w  T h e  S t r a i t s  
th e  in d ic a t o r  p la n t  c o m m u n i t ie s  te n d  to  o c c u r  o n  th e  s l ip  o f f  s lo p e s  
o f  th e  m e a n d e r s  ( F ig .  7 .1 )  a n d  a c c o r d in g  to  S c h u m m  (1977) p la c e r  
d e p o s its  o f  h e a v y  m in e r a ls  a r e  c h a r a c t e r i s t i c a l l y  fo u n d  in  s u c h  p la c e s .  
T h e  d e p o s i t io n  o f h e a v y  m in e r a ls  o n  th e  s l ip  o f f  s lo p e s  o f  m e a n d e rs  
is  r e la t e d  to  th e  r e d u c t io n  in  th e  v e lo c i t y  o f  th e  s t r e a m  in  s u c h  a re a s  
a n d  th e  s e g r e g a t io n  o f  th e  h e a v y  m in e r a ls  is  a n  e f f e c t  o f  t h e i r  
d e n s i t y .  G iv e n  th e n  th a t  d e p o s i t io n  o f  th e  h e a v y  m e ta ls  o n  the  
f lo o d  p la in  o f  E l l e r  B e c k  w i l l  te n d  to  o c c u r  a t  e a c h  d e p o s i t io n a l
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e p is o d e  in  m o r e  o r  le s s  t l ie  s a m e  p la c e s  th e n  th e r e  is  a p o s s ib i l i t y  
t h a t  s u c c e s s io n ,  th e  a u to g e n ic  f o r c e ,  a n d  d e p o s i t io n  o f  n e w  to x ic  
a l lu v iu m ,  th e  a l lo g e n ic  f o r c e ,  a re  in  d y n a m ic  e q u i l ib r iu m  a t  m a n y  
s i t e s  a n d  th u s  th e  r i p a r i a n  in d ic a t o r  c o m m u n it ie s  m a y  r e p r e s e n t  a 
r e l a t i v e l y  s ta b le  s y s te m .
I t  s e e m s  m o r e  p r o b a b le  h o w e v e r  th a t ,  e v e n  th o u g h  th e  b e d  lo a d  o f  th e  
s t r e a m  c o n ta in s  s u b s ta n t ia l  q u a n t i t ie s  o f  h e a v y  m e ta l  a t th e  p r e s e n t  
d a y ,  c o n te m p o r a r y  d e p o s i t io n  o f  t o x ic  a l lu v iu m  is  n o t as  g r e a t  as in  
th e  p e r io d  w h e n  m in in g  o p e r a t io n s  w e re  in  p r o g r e s s  (o re  w a s h in g  
m u s t  h a v e  c o n t r ib u t e d  a lo t  o f  t o x ic  a l lu v iu m  to  th e  s t r e a m  s y s te m  
a n d  t h is  is  n o t  a f a c t o r  in  o p e r a t io n  a th e  p r e s e n t  d a y ) a n d  i t  s e e m s  
p r o b a b le  th a t  a s lo w  s u c c e s s io n  is  o c c u r r in g  in  th e  E l l e r  B e c k  
r i p a r i a n  c o m m u n it ie s  a t  th e  p r e s e n t  t im e .  S u c c e s s io n  w i l l  be 
r e l a t i v e l y  s lo w ,  o f  c o u r s e ,  due  to  th e  in p u t  o f  f r e s h  a l lu v iu m .
T h e s e  c o n c lu s io n s  a s s u m e  r e la t iv e  s ta b i l i t y  in  th e  p o s i t io n  o f  th e  
c h a n n e l.  A s  S c h u m m  (1977) p o in ts  o u t a f lo o d  p la in  is  u s u a l ly  
c o m p o s e d  p r i m a r i l y  o f  l a t e r a l  a c c r e t io n  d e p o s its  w i t h  a n  o v e r la y  
o f  f in e  v e r t i c a l  a c c r e t io n  d e p o s its .  I t  is  in  th e  o v e r la y  o f  f in e  
v e r t i c a l  d e p o s its  th a t  th e  p r o g r e s s iv e  d e c l in e  in h e a v y  m e ta l  
c o n c e n t r a t io n s  a w a y  f r o m  th e  a c t iv e  c h a n n e l,  s ta te d  to  be g e n e r a l 
b y  H a w k e s  a n d  W e b b  (1962) a n d  o b s e rv e d  in  th is  s tu d y  a t E l l e r  
B e c k ,  w i l l  o c c u r .  T h is  is  e a s y  to  u n d e rs ta n d  f o r  a t a n  o v e rb a n k  
f lo o d  w h e n  a l lu v iu m  is  d e p o s ite d  o v e r  th e  f lo o d  p la in  v e lo c i t ie s  
w i l l  be  le a s t  f a r t h e s t  f r o m  th e  a c t iv e  c h a n n e l a n d  th e  r e la t i v e l y  
d e n s e  p a r t i c le s  o f  h e a v y  m e t a l  w i l l  n o t  be  t r a n s p o r te d  to  d is ta n t  
p a r t s  o f  th e  f lo o d  p la in .  A t  d e p th , h o w e v e r ,  in  th e  a l lu v iu m  w h ic h  
is  th e  r e s u l t  o f  d e p o s i t io n  b y  l a t e r a l  a c c r e t io n  th e  d is t r ib u t io n  o f  
th e  h e a v y  m e ta ls  w i l l  be  le s s  r e g u la r  f o r  th e y  w i l l  te n d  to  s h o v / 
c o n c e n t r a t io n s  r e la t e d  to  s e g r e g a t io n  in  p la c e r  d e p o s its ,  p la c e r  
d e p o s its  w h ic h  e s s e n t ia l ly  b e c o m e  " f o s s i l i s e d "  b y  c h a n n e l s h i f t .
I t  is  n o t  k n o w n  w h e th e r  s u c h  d e p o s its  o c c u r  in  th e  a re a s  o f  the  
f lo o d  p la in  o f  E l l e r  B e c k  r e m o te  f r o m  th e  s t r e a m .  P r o f i l e  s a m p E n g  
w o u ld  be n e c e s s a r y  to  d e te c t  th e m .
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I n  r e la t io n  to  th e  p r o b le m  o f  th e  s t a b i l i t y  o f  th e  s t r e a m  c h a n n e l on 
th e  E l l e r  B e c k  f lo o d  p la in  th e  e v id e n c e  a v a i la b le ,  th e  a b s e n c e  o f  
a b a n d o n e d  s t r e a m  c o u r s e s  a n d  o f  in d ic a t o r  p la n t  c o m m u n it ie s  a w a y  
f r o m  th e  r i v e r ,  s u g g e s ts  th a t  th e  s t r e a m  c h a n n e l h a s  n o t m o v e d  
m u c h  in  th e  r e c e n t  p a s t  a lth o u g h  a s  v a s  d is c u s s e d  in  r e la t io n  to  E l l e r  
B e c k  T r .  6 th e r e  w a s  a n  in d ic a t io n  in  th a t  r e g io n  o f  th e  d e v e lo p m e n t  
o f  a n e w  c h a n n e l f o r  th e  s t r e a m .  B e c a u s e  th e r e  is  r e la t iv e  s t a b i l i t y  
o f  th e  c h a n n e l th e r e  w i l l  n o t  be  m u c h  in t e r f e r e n c e  b y  c h a n n e l s h i f t in g  
w i t h  th e  p r o c e s s  o f  s u c c e s s io n  w h ic h  is  b e l ie v e d  to  be o c c u r r in g  in  
th e  r i p a r i a n  in d ic a t o r  p la n t  c o m m u n i t ie s .
In  th e  E l l e r  B e c k  r e g io n  A r m e r i a  m a r i t im a  a p p e a rs  to  be th e  m o s t  
c o m p e t i t iv e  o f  th e  in d ic a t o r  s p e c ie s .  T h e  p la n t  o c c u r s  o n  th e  s tre a m - 
s id e  a l lu v iu m  o f  E l l e r  B e c k  o n  s i te s  w h ic h  a p p e a r  to  be c o n s id e r a b ly  
le s s  t o x ic  th a n  th o s e  o c c u p ie d  b y  M in u a r t ia  v e r n a  a n d  T h la s p i  
a lp e s t r e . N e v e r  th e le s s  th e  s p e c ie s  d o e s  n o t o c c u r  in  m a n y  o f  th e  
t o x ic  a r e a s  o c c u p ie d  b y  M . v e r n a  a n d  T .  a lp e s t r e . C o m p a r is o n  o f  
F ig s .  7 .1  a n d  7. 2 s h o w s  th a t  A .  m a r i t im a  is  l a r g e ly  a b se n t f r o m  th e  
s p o i l  a r e a s  a t  D is h e r  F o r c e  a n d  th e  W e t G ro o v e s  L e a d  M in e  a n d  the  
p la n t  o c c u r r e d  o n ly  in f r e q u e n t ly  o n  th e  r id g e  o f  b a re  s p o i l  c r o s s e d  
b y  E l l e r  B e c k  T r .  1 a t  T h e  S t r a i t s .  T h e  s p e c ie s  is  a ls o  a b s e n t 
f r o m  th e  l im e s to n e  s c a r p s  o f  H a w  B a n k  a n d  I v y  S c a r .  I t  a p p e a rs  
u n l i k e l y  t h a t  t h is  a b s e n c e  f r o m  th e  s p o i l  h e a p s  is  due  to  t o x i c i t y  o r  
o t h e r  c h e m ic a l  c o n d i t io n s  o f  t h e i r  e n v ir o n m e n ts .  A .  m a r i t im a  w a s  n o t 
p r e s e n t  o n  T h a c k th w a ite  B e c k  T r .  1 a n d  th e  s p o i l  th e r e  w a s  v e r y  
s i m i l a r  in  h e a v y  m e ta l ,  c a lc iu m  a n d  m a jo r  n u t r ie n t  c o n c e n t r a t io n s  
to  th e  a l lu v iu m  o f  th e  E l l e r  B e c k  f lo o d  p la in  w h e re  th e  s p e c ie s  
o c c u r r e d .  I t  s e e m s  p r o b a b le  th a t  A .  m a r i t im a  is  a b s e n t f r o m  m o s t  
o f  th e  s p o i l  h e a p s  a n d  f r o m  th e  l im e s to n e  s c a rp s  due to  th e  r e la t iv e  
a r i d i t y  o f  th e s e  h a b i t a t s .  T h e  m a jo r  d i f fe r e n c e  b e tw e e n  th e  
T h a c k th w a ite  B e c k  s p o i l  a n d  th e  a l lu v iu m  o f th e  f lo o d  p la in  o f  E l l e r  
B e c k  w a s  one  o f  t e x tu r e ,  th e  a l lu v iu m  w a s  m u c h  f i n e r  g r a in e d  th a n  the  
s p o i l  o f  th e  s p o i l  h e a p  a n d  m a y  be p re s u m e d  to  be  m o r e  w a te r  
r e t e n t iv e .  T h e  p re s e n c e  o f
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s p e c ie s  s u c h  a s  P a r n a s s ia  p a l u s t r i s . L y c h n is f l o s - c u c u l i  L .  . and  
Sue c i  sa  p r a te n s is  o n  th e  f lo o d  p la in  a lo n g  w i t h  A .  m a r i t im a  is  f u r t h e r  
e v id e n c e  th a t  th e s e  a re  d a m p  h a b i ta ts .  T h e  o n ly  s p o i l  h e a p  r e g io n  w h e re  
A .  m a r i t im a  o c c u r r e d  in  a n y  a b u n d a n c e  w a s  the  a r e a  o f  D is h e r  F o r c e  
T r .  5 a n d  th e r e  th e r e  w a s  e v id e n c e  o f  e r o s io n  o f  th e  s p o i l  b y  w a te r  
a n d  t n is  p a r t i c u l a r  lo c a t io n  a p p e a rs  to  be w e t  due to  lo c a l  c o n d it io n s  
o f  d r a in a g e .
In  c o n t r a s t  to  A .  m a r i t im a  T .  a lp e s t r e  a n d  M . v e r n a  a p p e a r  to  o c c u r  
in  a w id e  v a r i e t y  o f  s i t u a t io n s  w h e re  h e a v y  m e ta l  c o n c e n t r a t io n s  a re  
h ig h  e n o u g h  to  d e p re s s  c o m p e t i t io n  s u f f i c ie n t ly .  T .  a lp e s t r e  h o w e v e r  
is  g e n e r a l ly  o f  le s s  f r e q u e n t  o c c u r r e n c e  in  th e  E l l e r  B e c k  r e g io n  
th a n  M .  v e r n a .
I t  h a s  b e e n  s u g g e s te d  a l r e a d y  th a t  th e  l im e s to n e  s c a r p  o f  I v y  S c a r  
w i l l  h a v e  p r o v id e d  a h e a v y  m e ta l  r e fu g iu m  f o r  M . v e r n a  a n d  T . a lp e s t r e  
p r i o r  to  th e  a v a i l a b i l i t y  o f  m e t a l l i f e r o u s  s i te s  r e s u l t in g  f r o m  m in in g  
a c t i v i t y  b u t  c l e a r l y  A .  m a r i t im a  d o e s  n o t o c c u p y  th is  h a b i ta t  a t  th e  
p r e s e n t  d a y  a n d  m a y  be  p r e s u m e d  n o t to  h a ve  done  so in  th e  p a s t .
T h is  s p e c ie s  a p p e a rs  to  g ro v /  o n ly  in  d a m p  s i tu a t io n s  a n d  i f  th e  
p o s s i b i l i t y  o f  lo n g  d is ta n c e  d is p e r s a l  o f  A .  m a r i t im a  in to  th e  a r e a  
f r o m  e ls e w h e r e  is  d is c o u n te d  th e n  a h e a v y  m e ta l  r e fu g iu m  w h ic h  w a s  
a ls o  d a m p  m u s t  be p o s tu la te d  f o r  th e  s p e c ie s .  S u r v iv a l  o n  th e  f lo o d  
p la in  o f  E l l e r  B e c k  d o e s  n o t a p p e a r  v e r y  p r o b a b le .  T h e  h ig h  h e a v y  
m e t a l  c o n c e n t r a t io n s  in  th e  s o i l  a re  p r o b a b ly  in  c o n s id e r a b le  m e a s u r e  
r e la t e d  to  r e la t i v e l y  r e c e n t  m in in g  a c t i v i t y  a n d  e v e n  to d a y  h e a v y  
m e t a l  le v e ls  d e c re a s e  r a p id l y  a w a y  f r o m  th e  s t r e a m .  J u s t  b e lo w  
T h e  S t r a i t s  a t  th e  p r e s e n t  d a y  t r e e s  c lo s e ly  b o r d e r  E l l e r  B e c k  a n d  
th e  in d ic a t o r  s p e c ie s  a r e  a b s e n t  a n d  i t  s e e m s  p ro b a b le  th a t  t r e e s  
b o r d e r in g  th e  s t r e a m  w i l l  h a v e  b e e n  a m o r e  w id e s p r e a d  s i t u a t io n  
in  th e  p a s t .  A  m o r e  l i k e l y  s u r v iv a l  s i te  is  one s u c h  as  th e  D is h e r  
F o r c e  w a t e r f a l l  v /h e re  A .  m a r i t im a  g r e w  in  th e  l im e s to n e  c l i f f  o f  the 
f a l l  a s s o c ia te d  w i t h  a se e p a g e  o f  h e a v y  m e ta l  b e a r in g  w a te r .  T h is  
ty o e  o f  s i te  c o m b in e s  h ’ gh  t o x i c i t y  w i t h  th e  in s t a b i l i t y  w h ic h  ia
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n e c e s s a r y  to  p r e v e n t  s u c c e s s io n .  I t  w a s  p o in te d  o u t in  the  
d is c u s s io n  o f  th e  D is h e r  F o r c e  s i te  th a t  th is  p a r t i c u la r  lo c a l i t y  
m a y  w e l l  h a v e  b e e n  a f fe c te d  b y  h e a v y  m e ta l  m o v e m e n t  in  w a te r  
f r o m  th e  W e t G ro o v e s  a r e a .  T h u s ,  u n l ik e  I v y  S c a r ,  D is h e r  F o r c e  
w a t e r f a l l  c a n n o t  be p ro p o s e d  a s  a p r o b a b le  e x a m p le  o f  a h e a v y  
m e t a l  r e f u g iu m  b u t  a s  a n  e x a m p le  o f  th e  s o r t  o f s i te  in  w h ic h  a 
r e f u g iu m  s u i ta b le  f o r  th e  s u r v i v a l  o f  A .  m a r i t im a  f r o m  th e  im m e d ia te  
P o s t  G la c ia l  w h e n  i t  w a s  m o r e  w id e s p r e a d  (G o d w in ,  1956) to  th e  
o n s e t  o f  m in in g  a c t i v i t y  m ig h t  be  e x p e c te d  to  o c c u r .
L i t t l e  m e n t io n  h a s  b e e n  m a d e  o f  C o c h le a r ia  o f f i c in a l i s  w h ic h  i t  ha s  
b e e n  s u g g e s te d  m ig h t  be  c o n s id e r e d  to  be a n  in d ic a t o r .  T h is  p la n t  
a t  E l l e r  B e c k  w a s  in f r e q u e n t ly  fo u n d  in  h a b i ta ts  w h e re  A .  m a r i t im a  
w a s  m o r e  w id e s p r e a d .  I t  a p p e a rs  th a t  th e  s p e c ie s  h a s  s im i l a r  
e d a p h ic  r e q u i r e m e n ts  to  th o s e  o f  A .  m a r i t im a  a n d  p r o b a b ly  s u r v iv e d  
in  th e  a r e a  in  th e  s a m e  ty p e  o f  r e fu g iu m .
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C H A P T E R  8 
T H E  M A L H A M  D IS T R IC T
8. 1______  In t r o d u c t io n
T h e  C a r b o n i f e r o u s  G r e a t  S c a r  L im e s to n e  d o m in a te s  th e  s c e n e r y  o f  the  
M a lh a m  d i s t r i c t  ( F ig .  8 .1 )  a n d  o u tc r o p s  a t M a lh a m  C o ve  w h e re  7 5 m  
o f  l im e s to n e  a r e  e x p o s e d  a n d  in  th e  P r o c t o r  H ig h  M a r k  a r e a  to  the 
e a s t  o f  M a lh a m  T a r n .  R o c k s  o f  th e  Y o re d a le  s e r ie s  o v e r l ie  th e  G re a t  
S c a r  L im e s to n e  a n d  the  s u m m its  o f  th e  h ig h e s t  h i l l s  o f  th e  a re a  s u c h  
as  F o u n ta in s  F e l l  h a v e  a c a p p in g  o f  M i l ls t o n e  G r i t .
A  g e n e r a l  a c c o u n t  o f  th e  A r m o r i c a n  e a r t h  m o v e m e n ts  in  th e  P e n n in e  
a r e a  h a s  a l r e a d y  b e e n  g iv e n  in  C h a p te r  7 a n d  w i l l  n o t  be r e p e a te d  
h e r e .  S p e c i f i c a l ly  h o w e v e r  th e  M a lh a m  a r e a  is  th a t  o f  th e  C ra v e n  
F a u l t s  a n d  c o n s id e r a b le  m o v e m e n ts  a lo n g  th e s e  f a u l t s  h a v e  r e s u l t e d  
in  g r e a t  v e r t i c a l  d is p la c e m e n ts  o f  th e  s t r a t a .  M a n y  o f  th e  m a jo r  
m o r p h o lo g ic a l  fe a tu r e s  o f  th e  d i s t r i c t ,  M a lh a m  T a r n ,  M a lh a m  C o ve  
a n d  G o rd a le  S c a r  a m o n g  th e m ,  a r e  in  p a r t  th e  r e s u l t  o f  s u c h  fa u l t in g .
G la c ia t io n  h a s  h a d  a n  im p o r t a n t  e f f e c t  u p o n  the  r e g io n .  V a r ie d  
d e p o s its  o f  g la c ia l  a n d  p e r ig l a c ia l  o r ig in  m a n t le  th e  a re a  b u t  th e re  
a r e  f e w  e r r a t i c s  a n d  th e  d r i f t  a p p e a rs  to  be o f  v e r y  lo c a l  o r ig in  
( B u l lo c k ,  1971).
M a n le y  (1957) in d ic a te s  th a t  th e  c l im a te  o f  th e  M a lh a m  r e g io n  is  p r e ­
v a i l i n g l y  w in d y ,  h u m id  a n d  c lo u d y  w i t h  a r a th e r  h ig h  f r e q u e n c y  o f 
d a y s  w i t h  m e a s u r a b le  r a i n f a l l .  P r e c ip i t a t io n  a t  M a lh a m  T a r n  H o u se  
a v e r a g e s  a b o u t 1 4 5 0 m m  a n n u a l ly ,  o c c u r r in g  o n  220 d a y s  o f  th e  y e a r .  
M a n le y  (1957) c a lc u la te d  a p p r o x im a te  t e m p e r a tu r e  a v e ra g e s  a t 
M a lh a m  T a r n  f o r  a 30 y e a r  p e r io d  b y  c o m p a r in g  th e  s e v e n  a v a i la b le  
y e a r s  a t  th e  H o u s e  w i t h  n e ig h b o u r in g  s ta t io n s .  T a k in g  in to  a c c o u n t  
th e  f a c t  th a t  M a n le y  (1957) c o n s id e r e d  th a t  due  to  lo c a l  c o n d it io n s  
te m p e r a tu r e s  a t  th e  H o u s e  w e re  a b o u t 0 .2  C h ig h e r  th a n  m ig h t  be
2on
Vax  W "I
4) r J ,
;• V .-^  ) Sje )
^ "  ■ ■ ' A / f i '
1- ulO
00
0
h
0bJO
k
206
e x p e c te d  a t  th e  a l t i t u d e  a n d  u s in g  h is  e n v i r o n m e n ta l  la p s e  ra te  f ig u r e  
o f  1°C  te m p e r a tu r e  r e d u c t io n  f o r  a r i s e  in  h e ig h t  o f  154m , m e a n  
t e m p e r a tu r e s  a t  T w in b o t to m  S c a r  (4 8 8 m ) , th e  m a in  s tu d y  a r e a ,  m a y  
be c a lc u la te d .  T h e y  a p p e a r  to  be o f  th e  o r d e r  o f  m e a n  J u ly  
t e m p e r a tu r e ,  1 2 .7 ° C ,  m e a n  J a n u a r y  0 . 7 ° C .  T h e  le n g th  o f  the  
g r o w in g  s e a s o n  a t  T w in b o t to m  S c a r  a p p e a rs  to  be f r o m  la te  A p r i l  to  
la te  O c to b e r .  T h is  is  s i m i l a r  to  N e n th e a d  in  th e  n o r t h e r n  P e n n in e s ,  
a l t i t u d e  4 5 8 m , w h e r e  M a n le y  (1952) s u g g e s ts  th a t  th e  g r o w in g  s e a s o n  
e x te n d s  f r o m  th e  18 th  o f  A p r i l  to  th e  2 3 r d  o f  O c to b e r .  M a n le y  (1952) 
p o in te d  o u t th a t  th e  c l im a te  o f  th e  n o r t h e r n  P e n n in e s  w a s  a s e v e re  
o n e , th e  c l im a te  a t  T w in b o t to m  S c a r  a p p e a rs  c o m p a r a b le .
I t  w a s  in d ic a te d  e a r l i e r  th a t  g la c ia l  a n d  p e r ig la c ia l  m a t e r ia ls  m a n t le  
m u c h  o f  th e  M a lh a m  r e g io n .  A c c o r d in g  to  B u l lo c k  (1971) th e  m a in  
c o n t r ib u t io n  o f  th e  s o l id  g e o lo g ic a l  f o r m a t io n s  to  s o i l  p a r e n t  
m a t e r i a l  is  th r o u g h  d r i f t  w h ic h  is  p r e s e n t  in  m o s t  p la c e s .  M a t e r ia l  
o f  a e o l ia n  o r i g i n  is  a n  im p o r t a n t  p a r e n t  m a t e r i a l  o v e r  th e  l im e s to n e .  
L e a c h in g ,  a s  m ig h t  be e x p e c te d  in  v ie w  o f  th e  c l im a te ,  is  th e  
p r e d o m in a n t  s o i l  p r o c e s s  a n d  s o i ls  v a r y  f r o m  le a c h e d  b r o w n  e a r th s  
w h e re  l im e s to n e  is  n e a r  to  th e  s u r fa c e  to  g le y e d  s o i ls  w h e re  a n y  
t h ic k n e s s  o f  t i l l  is  p r e s e n t .  A  t h in  p e a t  is  a n o r m a l  u p p e r  h o r iz o n  
in  m a n y  o f  th e  s o i ls  a n d  a p e a ty  o r g a n ic  h o r iz o n  m a y  a c c u m u la te  
e v e n  o n  a r e a s  o f  l im e s to n e  p a v e m e n t  w h e re  th e  l im e s to n e  o f  th e  
d i n t s  is  n e a r  to  th e  s u r fa c e .
T h e  im p o r ta n c e  o f  le a c h in g  in  s o i l  f o r m a t io n  r e s u l t s  in  a c id  s o i ls  
in  a l l  p la c e s  o th e r  th a n  w h e re  l im e s to n e  o u tc r o p s .  T r u e  c a lc ic o le  
v e g e ta t io n  o n ly  o c c u r s  o n  th e  s o i ls  o f  l im e s to n e  c l i f f s  a n d  s c r e e s  
a n d , a c c o r d in g  to  B u l lo c k  (1971), w h e re  th e  l im e s to n e  is  o b s c u re d  
b y  d r i f t  o f  a d e p th  o f  5 0 c m s  th e  p la n t  a s s o c ia t io n s  a r e  c a lc i fu g e  ones . 
T h e  t r a n s e c t  d ia g ra ,m s  a t  T w in b o t to m  S c a r  p r e s e n te d  l a t e r  c l e a r l y  
i l l u s t r a t e  th e  t r a n s i t i o n  f r o m  c a lc ic o le  to  c a lc i fu g e  c o m m u n it ie s  
a w a y  f r o m  a l im è  s to n e  o u tc r o p .
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P ig o t t  a n d  P ig o t t  (1959) h a v e  in v e s t ig a te d  the  v e g e ta t io n  h i s t o r y  o f 
th e  a r e a  a n d  th is  a p p e a rs  to  be r e a s o n a b ly  t y p ic a l  f o r  the  B r i t i s h  I s le s .  
A r m e r i a  m a r i t im a  w a s  n o te d  f r o m  Z o n e  I I I  a n d  P in u s  s y l v e s t r i s  L .  
w a s  w id e s p r e a d  in  Z o n e  V I .  D e c id u o u s  w o o d la n d  c o v e r e d  m u c h  o f  th e  
a r e a  l a t e r  b u t in  Z o n e  V i la  o c c a s io n a l  g r a in s  o f H e l ia n th e m u m  s u g g e s t 
th e  c o n t in u e d  e x is te n c e  o f  o p e n  h a b i ta ts .  A n  a b r u p t  r i s e  in  h e rb a c e o u s  
p o l le n  d u r in g  Z o n e  V l l b  is  c o r r e la t e d  w i t h  la te  N e o l i t h ic  f o r e s t  
c le a r a n c e  a n d  b y  M e d ie v a l  t im e s  f o r e s t  a p p e a rs  to  h a v e  d is a p p e a r e d  
f r o m  m u c h  o f  th e  r e g io n ,  p r e s u m a b ly  due  to  a c o m b in a t io n  o f  th e  
e f f e c t s  o f  c o n t in u e d  w o o d la n d  c le a r a n c e  a n d  th e  d e t e r io r a t io n  o f  c l im a te  
a s s o c ia te d  w i t h  th e  S u b - A t la n t ic  p e r io d .
T h e  M a lh a m  r e g io n  h a s  b e e n  th e  sce n e  o f  lo n g  s ta n d in g  b u t f a i r l y  
s m a l l  s c a le  m in in g  a c t i v i t y .  I n  th e  P r o c t o r  H ig h  M a r k  a r e a  ( F ig .
8 .1 )  th e  v e in s  o c c u r  in  th e  D g  l im e s t o n e  a n d  a re  h e re  a p p r o a c h in g  
th e  lo w e r  l i m i t  o f  m in e r a l i s a t io n  a n d  w e r e  t h e r e fo r e  n o t v e r y  
p r o d u c t iv e  ( R a is t r i c k ,  1 9 4 7 ). T h e  P r o c t o r  H ig h  M a r k  v e in s  c o n ta in e d  
c a lc i t e  in  q u a n t i t y  b u t  th o s e  o f  th e  G r iz e d a le  a re a  ( F ig .  8 .1 ) w e r e  r i c h  
in  q u a r t z  a n d  i r o n  p y r i t e s .  Im p o r t a n t  o re  m in e r a ls  a t  P r o c t o r  H ig h  
M a r k  w e re  g a le n a  a n d  b le n d e  b u t  a t  G r iz e d a le  s a n d  in  th e  P ik e  d a w  
r e g io n  g a le n a ,  c a la m in e ,  m a la c h i t e  a n d  a z u r i t e  w e re  im p o r t a n t .
T h e  c o p p e r  m in e s  o f  th e  M a lh a m  d i s t r i c t  w e re  to  th e  w e s t  o f  th e  
c a la m in e  w o r k in g s  in  th e  T w in b o t to m  S c a r  a r e a  ( F ig ,  8. 2 ). T h e y  
a p p e a r  to  h a v e  b e e n  w o r k e d  in  th e  S e v e n te e n th  C e n tu r y .  H a r t le y  
(1786) q u o te d  in  R a i s t r i c k  (1947) s ta te s  th a t  th e  c o p p e r  m in e s  w e re  
d e r e l i c t  a t  th e  t im e  o f  w r i t i n g  a n d  he d a te d  th e m  as  p re -1 6 9 9 .  T h e  
o ld  c o p p e r  m in e s  a r e  v i s ib le  to d a y  as  a n u m b e r  o f  b e l l  p i t s  a t  the  
s u m m i t  o f  th e  b r id le  p a th  f r o m  M a lh a m  to  S e t t le .
A t  th e  b e g in n in g  o f  th e  N in e te e n th  C e n tu r y  c a la m in e ,  o c c u r r in g  as  
a c a v e  f i l l i n g ,  w a s  d is c o v e r e d  in  q u a n t i t y  a t  th e  C a la m in e  M in e .  
A c c o r d in g  to  R a i s t r i c k  (1954) th e r e  is ,  a n d  p r e s u m a b ly  w a s , no 
s u r fa c e  in d ic a t io n  o f  i t s  p r e s e n c e  a n d  th e  d is c o v e r y  w a s  m a d e
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a c c id e n t a l ly  in  th e  c o u rs e  o f  th e  r e - o p e n in g  o f  th e  P ik e d a w  c o p p e r  
m in e s .  A  s h a f t  w a s  dug  to  f a c i l i t a t e  th e  e x t r a c t io n  o f  th e  c a la m in e .
M u c h  o f  th e  c a la m in e  a p p e a rs  to  h a v e  b e e n  in  th e  f o r m  o f  c o m p a c te d  
p r e c ip i t a t e  o r  s i l t  a n d  n o t  a v e in  m a t e r ia l .  I n  th e  c o u rs e  o f  th e  w o r k in g  
o f  th e  c a la m in e  le a d  o r e s  w e r e  a ls o  o b ta in e d  f r o m  th e  v e in s  e n ­
c o u n te r e d  in  th e  c a v e r n  ( R a is t r i c k ,  1954 ).
F o l lo w in g  th e  s u c c e s s fu l  e x p lo i t a t io n  o f  the  c a la m in e  a t  th e  C a la m in e  
m in e ,  o c h r e ,  a s s o c ia te d  w i t h  c a la m in e ,  w a s  fo u n d  a t  T w in b o t to m  
S c a r  ( F ig .  8 . 2 ) . A t  T w in b o t to m  S c a r  a b e d d in g  p la n e  s o lu t io n  c a v i t y  
c o n ta in in g  t h is  m a t e r i a l  h a s  b e e n  e x c a v a te d  o v e r ,  a c c o r d in g  to  
R a i s t r i c k  (1 9 5 4 ), 100m  o f  o u tc r o p  a n d  d o w n d ip  f o r  u p  to  1 0 m . T h e  
p h a s e  o f  c a la m in e  a n d  o c h r e  w o r k in g  in  th e  r e g io n  c o n t in u e d  u p  to  
1830 w h e n  th e  m in e s  w e re  a b a n d o n e d .
T o w a r d s  th e  e n d  o f  th e  N in e te e n th  C e n tu r y  th e r e  w a s  s o m e  w o r k in g  
o f  o r e  o n  M a lh a m  M o o r  a n d  th e  s m e l t  m i l l  n e a r  M a lh a m  T a r n  ( F ig .
8 ,1 )  is  o f  t h is  p e r io d .  T h e  r e s u l t s  w e re  p o o r  a n d  R a i s t r i c k  (1938) 
s u g g e s ts  th a t  o n ly  le a d  w a s  s m e lte d  a t  th e  m i l l .  W ith  th e  c e s s a t io n  
o f  s m e l t in g  a t  th e  s m e l t  m i l l  m in in g  a c t i v i t y  in  th e  M a lh a m  a r e a  
d r e w  to  a c lo s e .
8 . 2________ T h e  m e t a l l i f e r o u s  c o m m u n it ie s  o f  T w in b o t to m  S c a r
T w in b o t to m  S c a r  ( F ig s .  8 .2  a n d  8 .3 )  is  a s m a l l  l im e s to n e  s c a r p ,  
a b o u t  10m  f r o m  c r e s t  to  f o o t ,  th e  to p  1 o r  2 m  b e in g  l im e s to n e  c l i f f ,  
th e  r e m a in d e r  l im e s to n e  s c r e e  w i t h  a d r i f t  c o v e r in g .  T h e  f e a tu r e  
is  a b o u t  10 0 m  lo n g ,  h a s  a n  a p p r o x im a te ly  n o r t h  to  s o u th  o r ie n t a t io n  
a n d  d e c l in e s  p r o g r e s s iv e ly  a t  e a c h  e n d . T h e  S c a r  m a y  w e l l  be 
f a u l t  c o n t r o l le d .  A  b e d d in g  p la n e  o u tc r o p p in g  n e a r  th e  to p  o f  th e  
S c a r  h a s  b e e n  s e c o n d a r i ly  e n r ic h e d  b y  m in e r a l i s in g  s o lu t io n s  
a n d  p e rh a p s  in  p la c e s  d e p o s i t io n  o c c u r r e d  w i t h in  s o lu t io n  c a v e rn s  
in  th e  l im e s to n e  as  a t  th e  n e a r b y  c a la m in e  w o r k in g s .  R a i s t r i c k  
(1954) s ta te d  th a t  th e  d e p o s i t  h a d  b e e n  w o r k e d  o v e r  100 y a r d s  o f
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o u t c r o p  b u t  t h i s  g i v e s  a f a l s e  i m p r e s s i o n  f o r  e n t r a n c e  to  th e  b e d d in g  
p la n e  a p p e a r s  t o  h a v e  b e e n  r e s t r i c t e d  to  tw o  o r  t h r e e  p la c e s .  One 
o f  t h e s e  i s  a t  th e  n o r t h e r n  e n d  o f  th e  S c a r  i n  th e  v i c i h i t y  o f  T r .  1 
( F i g .  8 . 3 )  w h e r e  the  c a v e  l i k e  e n t r a n c e  to  th e  w o r k i n g s  i s  v i s i b l e .
N e a r  t h i s  p o i n t  b u t  j u s t  to  th e  n o r t h  o f  th e  d r y s t o n e  w a l l  a s p o i l  
h e a p  s u g g e s ts  t h a t  a n  e n t r a n c e  m a y  h a v e  b e e n  m a d e  t h e r e  a l s o  b u t  
n o t h in g  i s  v i s i b l e  t o d a y .  A t  th e  s o u t h e r n  e n d  o f  th e  S c a r  i n  th e  v i c i n i t y  
o f  T r .  4 ( F i g .  8. 3) s p o i l  h e a p s  a g a in  s u g g e s t  a n  e n t r a n c e  to  th e  
w o r k i n g s  a l t h o u g h  n o  s ig n  r e m a i n s  o f  th e  m i n e  i t s e l f .  T h e  i n t e r ­
v e n in g  a r e a  a p p e a r s  to  be u n d i s t u r b e d ,  no  s p o i l  h e a p s  o r  m in e  
e n t r a n c e s  a r e  v i s i b l e ,  a n d  th e  S c a r  t h e r e f o r e  o f f e r s  a n  o p p o r t u n i t y  
t o  i n v e s t i g a t e  s i t e s  o f  u n d i s t u r b e d  m i n e r a l i s a t i o n .
T w i n b o t t o m  S c a r  T r .  1 c r o s s e d  the  l i m e s t o n e  s c a r p  j u s t  to  th e  s o u th  
o f  th e  w a l l  ( F i g .  8 . 3 ) .  T h e  d i a g r a m  ( F i g .  8 . 4 )  c o v e r s  o n ly  th e  r e g i o n  
f r o m  30 to  9 0 m .  S o i l  s a m p le s  w e r e  ta k e n  i n  the  a r e a s  f r o m  0 to  3 0 m  
a n d  f r o m  90 to  1 2 0 m  b u t  i n  b o t h  c a s e s  h e a v y  m e t a l  c o n c e n t r a t i o n s  
w e r e  s i m i l a r  to  th e  l o w  h e a v y  m e t a l  v a lu e s  o f  the  b a c k g r o u n d  a r e a s  
o f  F i g .  8. 4.
T h e  t r a n s e c t  c r o s s e d  th e  m a j o r  s p o i l  h e a p  a t  T w in b o t t o m .  A t  th e  
b a s e  o f  th e  s c a r p  a b e d d in g  p la n e  h a s  b e e n  e x c a v a te d  to  f o r m  a s m a l l  
c a v e  a b o u t  I m  h ig h  a n d  m a t e r i a l  f r o m  th e s e  w o r k i n g  m a n t l e s  th e  
s lo p e  b e lo w .  F i g .  8. 4 i n d i c a t e s  the  t r a n s i t i o n  f r o m  a c a l c i f u g e  
c o m m u n i t y  w i t h  J u n c u s  s q u a r r o s u s L .  a n d  N a r d u s  s t r i c t a  i n  the  
r e g i o n  o f  3 0 m  to  a c a l c i c o l e  c o m m u n i t y  w i t h  the s p e c ie s  Se s l e r i a  
a l b i c a n s  a n d  S c a b io s a  c o l u m b a r i a  L .  on  th e  l i m e s t o n e  c l i f f .  T h e  
p H  a t  3 0 m  w a s  3. 8 i n c r e a s i n g  to  5. 3 a n d  4 4 m  a n d  6. 4 a t  4 8 m .  I n  
t h i s  r e g i o n  h e a v y  m e t a l  c o n c e n t r a t i o n s  a r e  l o w  a n d  th e  v e g e t a t i o n  
i s  a p p a r e n t l y  c o n t r o l le d  b y  th e  i n c r e a s i n g  in f l u e n c e  o f  th e  
C a r b o n i f e r o u s  L i m e s t o n e  b e d r o c k .
GEOBOTANY
Potnnti/fa erecta
ScHhiosa colum baria
or,. Tnfolium  refjens
.ift. Thymus flruce i
■>:, C erastium  vu lga tum
R um ex acatosa
Oft. P ia nta go lanceo lota
, Galium  saxa tile
.m .Bm
aft. Vaccin ium  m yrtiU us
Luzula cam p es tr is
Car ex b iner vis
Jun cus  squarrosus
Jun cus  e ffusus
, Ses/eria alb icans
Koeleria cris ia ta
N ardus s tr ic ta
D escham psia flexuosa
, A n th o x a n th u m  od o ra tum
D escham psia  caespnosa
A g ro s tis  tenu is
F estuca rub ra
, Festuca  ov ina
Thlaspi a lp es tre
M in u a r t ia  verna
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GEOCHEMISTRY
RELIEF
M ine spo il
TWINBOTTOM SCAR. TRANSECT I Figure  8. 4
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I t  i s  c l e a r  f r o m  F i g .  8. 4 t h a t  th e  h ig h  h e a v y  m e t a l  c o n c e n t r a t i o n s  on 
th e  t i a n s e c t  l i n e  a r e  w i t h i n  th e  a r e a  o f  th e  e x c a v a t e d  s p o i l ,  a l t h o u g h  
th e  s a m p le  f r o m  4 4 m  o n  th e  l i m e s t o n e  c l i f f  s h o w s  h i g h e r  h e a v y  m e t a l  
v a lu e s  th a n  th o s e  o f  b a c k g r o u n d  a r e a s  a n d  p r o v i d e s  e v id e n c e  o f  s o m e  
m i n e r a l i s a t i o n  w i t h i n  th e  l i m e s t o n e .  I n  th e  M a l h a m  a r e a  c o p p e r  i s  
o f t e n  p r e s e n t  i n  g r e a t e r  c o n c e n t r a t i o n  th a n  th e  n o r m a l  b a c k g r o u n d  
a m o u n t s  o f  100 o r  200  p p m  f o r  C a r b o n i f e r o u s  L im e s t o n e  s p o i l .  O n 
t h i s  t r a n s e c t  l i n e  a m a x i m u m  copper c o n c e n t r a t i o n  o f  1, 870 p p m  
o c c u r r e d  i n  th e  s a m p le  f r o m  5 4 m .  I n  th e  c a l c u l a t i o n s  o f  the  C a / H M  
r a t i o  s h o w n  i n  T a b le  8 .1  c o p p e r ,  w h e n  i n  c o n c e n t r a t i o n s  g r e a t e r  th a n  
300  p p m ,  h a s  b e e n  in c lu d e d  i n  th e  m a n n e r  d e s c r i b e d  i n  C h a p t e r  3.
I t  i s  e v id e n t  f r o m  F i g .  8. 4 t h a t  z i n c  c o n c e n t r a t i o n s  i n  t h i s  s p o i l  a r e  
v e r y  h ig h  a n d  as  T a b le  8. 1 s h o w s  c a l c i u m  l e v e l s ,  as  c o m p a r e d  to  
s p o i l  f r o m  D e r b y s h i r e  a n d  th e  M e n d ip s ,  a r e  l o w .  T h e  r e s u l t  i s  s p o i l  
w i t h  a l o w  C a / H M  r a t i o  a n d  h ig h  t o x i c i t y .  T h e  l o w  C a / H M  r a t i o s  i n  
m a n y  s a m p le s  a r e  n o t  th e  r e s u l t  o f  s u b s t a n t i a l  o r g a n i c  m a t t e r  
a c c u m u l a t i o n  i n  th e  s p o i l ;  a s  T a b le  8. 1 s h o w s  the  p H  o f  the  s p o i l  
a t  5 4 m  w a s  7 . 2  a n d  as  T a b le  8 . 3  d e m o n s t r a t e s  th e  o r g a n i c  c a r b o n  l e v e l  
i n  t h a t  s a m p le  w a s  o n l y  1. 5%.
T a b le  8. 1 C a l c i u m ,  C a / H M  r a t i o  a n d  p H  d e t e r m i n a t i o n s  f r o m  th e  
s p o i l  a r e a  o n  T w i n b o t t o m  S c a r  T r .  1
S a m p le
p o i n t
4 6 m
C a l c i u m  
( p p m )
C a / H M p H
2 5 ,  000 0. 74 n d
4 8 m 18, 000 0 . 3 4 6 . 4
5 2 m 1 3 ,5 0 0 0. 15 n d
5 4 m 9 , 2 0 0 0. 09 7 . 2
5 6 m 1 3 , 7 5 0 0 . 15 n d
5 8 m 1 3 ,5 0 0 0. 17 7 . 0
i l  4
T a b le  8 . 2  d e m o n s t r a t e s  t h a t  s p o i l  f r o m  t h i s  t r a n s e c t  l i n e  is  l o w  i n  
p o t a s s i u m  in  c o m p a r i s o n  w i t h  s p o i l s  f r o m  o t h e r  o r e f i e l d s .  T h e  p h o s ­
p h o r o u s  c o n c e n t r a t i o n ,  a l t h o u g h  a l i t t l e  h i g h e r  t h a n  in  m a n y  s a m p le s  
f r o m  E l l e r  B e c k ,  i s  l o w e r  t h a n  th a t  o f  m a n y  s p o i l s  f r o m  D e r b y s h i r e ,  
th e  M e n d ip s  a n d  th e  A a c h e n - L i e g e  o r e f i e l d .  M a g n e s iu m  to o  is  l o w  
b y  th e  s t a n d a r d s  o f  s p o i l  e l s e w h e r e  a n d  th e  o v e r a l l  i m p r e s s i o n  is  o f  
a s p o i l  o f  l o w  n u t r i e n t  s t a t u s .
T a b le  8. 2 S o d iu m ,  p o t a s s i u m ,  m a g n e s i u m  a n d  p h o s p h o r o u s  c o n c e n  
t r a t i o n s  i n  s p o i l  f r o m  5 6 m  o n  T w i n b o t t o m  S c a r  T r .  1
S o d iu m  P o t a s s i u m  M a g n e s i u m  P h o s p h o r o u s
(P_pni)_ (ppm ) (ppm ) __ (ppm )______
125 530 950  720
P a r t i c l e  s iz e  a n a l y s i s  o f  th e  s p o i l  ( T a b le  8. 3) f r o m  t h i s  t r a n s e c t  s h o w s  
i t  to  be  r e l a t i v e l y  c o a r s e  i n  t e x t u r e ,  c la y ,  e s p e c i a l l y ,  i s  p r e s e n t  i n  a 
l o w  a m o u n t .
T a b le  8. 3 P a r t i c l e  s iz e  a n a l y s i s  o f  s p o i l  f r o m  5 4 m  o n  T w i n b o t t o m  
S c a r  T r .  1.
C o a r s e  M e d i u m  F in e  S i l t  C l a y  O r g a n i c
s a n d  s a n d  s a n d      c a r b o n
2 6 .4 %  1 0 .3 %  1 9 .2 %  31.1% 5 .2 %  1 .5 %
O n  t h i s  s p o i l  h e a p ,  as  F i g .  8. 4 s h o w s ,  o n l y  t h r e e  s p e c ie s  a r e  p r e s e n t  
i n  th e  m o s t  t o x i c  r e g i o n s ,  M i n u a r t i a  v e r n a , T h l a s p i  a l p e s t r e  a n d  
F e s t u c a  r u b r a  a n d  o f  t h e s e  o n l y  th e  f i r s t  tw o  a r e  i m p o r t a n t .  I n  the  
a r e a  o f  th e  h i g h e s t  z in c  c o n c e n t r a t i o n s  a n d  th e  l o w e s t  C a / H M  r a t i o s ,  
a r o u n d  5 4 m ,  tw o  q u a d r a t s  a r e  w i t h o u t  p l a n t  c o v e r  a n d  th e  a d j o i n i n g  
q u a d r a t s  s h o w  o n l y  s m a l l  c o v e r  v a lu e s  o f  M .  v e r n a  a n d  T .  a l p e s t r e .
I t  a p p e a r s  t h a t  i n  t h i s  r e g i o n  e v e n  th e  i n d i c a t o r  s p e c ie s  a r e  a f f e c t e d  
b y  th e  h ig h  t o x i c i t y .  B e y o n d  5 8 m  z in c  c o n c e n t r a t i o n s  d e c r e a s e  
r a p i d l y  a n d  M .  v e r n a , e s p e c i a l l y ,  a p p e a r s  to  b e n e f i t  f r o m  the  r e d u c e d
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t o x i c i t y  a n d  r e a c h e s  c o v e r  v a lu e s  o f  n e a r l y  50%. W i t h  th e  c o n t in u e d  
d e c r e a s e  i n  t o x i c i t y  as  th e  b o r d e r  o f  th e  s p o i l  m a t e r i a l  i s  r e a c h e d  
M .  v e r n a  is  r a p i d l y  r e p l a c e d  b y  g r a s s e s  s u c h  as  F e s t u c a  o v in a  a n d  
A g r o s t i s  t e n u is  b u t  T .  a l p e s t r e  p e r s i s t s  i n t o  th e  b a s e  o f  the  d e p r e s s io n .
A  n o t i c e a b le  f e a t u r e  o f  t h i s  t r a n s e c t  l i n e  i s  t h a t  i n  th e  b a s e  o f  th e  
d e p r e s s i o n  b o th  z in c  a n d  le a d  i n c r e a s e  s l i g h t l y  i n  c o n c e n t r a t i o n  b e fo r e  
d e c r e a s i n g  to  b a c k g r o u n d  l e v e l s .  T h i s  w a s  a l s o  a f e a t u r e  o f  o t h e r  
t r a n s e c t s  a t  T w i n b o t t o m  S c a r  a n d  w i l l  be r e t u r n e d  to .
T w i n b o t t o m  S c a r  T r .  4 c r o s s e d  a s p o i l  h e a p  a t  th e  s o u t h e r n  e n d  o f  
T w i n b o t t o m  S c a r  ( F i g .  8. 3 ) .  A s  F i g ,  8. 5 s h o w s  d e b r i s  f r o m  m i n i n g  
w a s  i n  a v e r y  s i m i l a r  p la c e  to  t h a t  o f  T r .  1 ( F i g .  8 . 4 ) ,  U n l i k e  
T r .  1 h o w e v e r  th e  e n t r a n c e  to  th e  w o r k i n g s  i s  n o t  v i s i b l e  b u t  w a s  
p r o b a b l y  i n  th e  r e g i o n  o f  5 m  a t  th e  f o o t  o f  th e  s te e p  s e c t i o n  o f  the  
l i m e s t o n e  c l i f f .  T h e  s p o i l  h a s  b e e n  s p r e a d  f r o m  som e d is t a n c e  d o w n -  
s lo p e .
C o p p e r  c o n c e n t r a t i o n s  i n  th e  s p o i l  o n  T r .  4 a r e  l o w e r  t h a n  o n  T r .  1, 
th e  m a x i m u m  v a lu e  i s  625  p p m  a t  1 2 m . Z in c  l e v e l s  to o  a r e  l o w e r  
w i t h  a m a x i m u m  o f  77 , 000 p p m  a t  1 2 m  b u t  l e a d  is  g e n e r a l l y  i n  
h i g h e r  c o n c e n t r a t i o n  w i t h  a m a x i m u m  o f  50, 900 p p m  a t  1 0 m . T h e s e  
g e n e r a l l y  l o w e r  h e a v y  m e t a l  c o n c e n t r a t i o n s  a p p e a r  to  be  o f f s e t  b y  
th e  l o w e r  c a l c i u m  c o n c e n t r a t i o n s  i n  th e  s p o i l  a t  t h i s  s i t e  a n d  as  
T a b le  8 . 4  s h o w s  the  C a / H M  r a t i o s  o f  the  s p o i l  a r e  v e r y  s i m i l a r  
to  t h o s e  o f  T r .  1 ( T a b le  8 .1 ) .  p H  v a lu e s  i n  th e  s p o i l  ( T a b le  8 . 4 )  
a r e  c o m p a r a b l e  to  t h o s e  o f  T r .  1.
T h e  n u t r i e n t  s ta tu s  o f  th e  s p o i l  o n  t h i s  t r a n s e c t  l i n e  ( T a b le  8 . 5) 
i s  a g a in  l o w ,  p o t a s s i u m  a n d  m a g n e s i u m  a r e  p r e s e n t  i n  l o w e r  
c o n c e n t r a t i o n s  t h a n  o n  T r .  1 ( T a b le  8. 2) b u t  th e  p h o s p h o r o u s  c o n ­
c e n t r a t i o n  is  a l i t t l e  h i g h e r .
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GEOBOTANY
25, Asplénium  viride
25j Cam panula rotundifolia
Cerastium  vulgatum
Trifolium  repens
25, Hieracium  sp.
25^ Galium  pum ilum
25^ Galium  saxatile
Thymus drucei
Rum ex acetosa
25, Carex caryophyllea
, Carex binervis
Nardus stric ta
Koeleria cris ta ta
Descham psia flexuosa
^ .^ o lc u s  lanatus
A nthoxanthum  odoratum
Agrostis tenuis
Sesleria a lbicans
M inuartia  verna
■
Festuca rubra
Festuca ovina
25, Thlaspi alpestre
Q Bare Ground
GEOCHEMISTRY
iPb
RELIEF
Lim estone C liff
TW INBOTTOM  SCAR. 
TRANSECT 4. Figure  8. 5
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Table 8. 4 C alc ium ,  C a/H M  ratio and pH determinat ions  from  the spoil
a rea  of Twinbottom Scar Tr,  4
S a m p le
p o i n t
6 m 8 m 1 0 m 12m 16m 18m
C a l c i u m
(p p m ) 4, 250 5, 000 5, 500 4, 850 3, 550 2, 000
C a / H M 0, 15 0 ,1 2 0 , 07 0, 06 0. 15 0, 09
p H n d 7 . ; 6. 9 7 , 0 6, 7 n d
T a b le  8. 5
S o d iu m
(ppm)
80
S o d iu m ,  p o t a s s i u m ,  m a g n e s iu m  a n d  p h o s p h o r o u s  l e v e l s  
i n  s p o i l  f r o m  1 2 m  o n  T w i n b o t t o m  S c a r  T r ,  4
P o ta s  s i u m
(ppm)
350
M a g n e s iu m
( p p m )
660
P h o s p h o r o u s  
(ppm )_______
980
P a r t i c l e  s iz e  a n a l y s i s  o f  th e  s p o i l  f r o m  T r .  4  ( T a b le  8, 6) d e m o n s t r a t e s  
t h a t  i t  i s  v e r y  d i f f e r e n t  i n  t e x t u r e  f r o m  th e  s p o i l  o n  T r .  1 ( T a b le  8, 3).
I t  c o n t a in s  m u c h  m o r e  s i l t  a n d  c l a y  a n d  i t  i s  s u r p r i s i n g  t h a t  s p o i l  
f r o m  e s s e n t i a l l y  th e  s a m e  m i n e r a l i s a t i o n  s h o u ld  be so d i f f e r e n t .
T a b le  8, 6 P a r t i c l e  s iz e  a n a l y s i s  o f  s p o i l  f r o m  10m  o n  T w i n b o t t o m  
S c a r  T r .  4
C o a r s e
s a n d
7 .7 %
M e  d i u m  
s a n d
4 ,7 %
F i n e
s a n d
12, 0%
S i l t
55 , 4%
C l a y  
18. 6%
O r g a n i c
c a r b o n
5 ,1%
I t  i s  e v id e n t  f r o m  F i g ,  8. 5 t h a t  f i v e  s p e c ie s  o c c u r r e d  i n  th e  s p o i l  a r e a  
o n  t h i s  t r a n s e c t  l i n e ,  M .  v e r n a , T .  a l p e s t r e , P o a  a n n u a  L ,  , R u m e x  
a c e t o s a  a n d  F e s t u c a  r u b r a . A l t h o u g h  R . a c e t o s a  i s  p r e s e n t  o n  s p o i l  
i n  o t h e r  m i n i n g  a r e a s  a b u n d a n t  o c c u r r e n c e  i n  th e  m o s t  t o x i c  r e g i o n  
i s  u n u s u a l .  E v e n  th o u g h  th e  C a / H M  r a t i o s  o f  th e  s p o i l  o n  T r ,  1 a n d  
T r ,  4 a r e  v e r y  s i m i l a r  m o r e  s p e c ie s  a r e  p r e s e n t  o n  th e  s p o i l  on  
T r ,  4 a n d  s o m e  o f  th e s e  o c c u r  a t  g r e a t e r  a v e r a g e  c o v e r  v a lu e s  th a n  
o n  T r ,  1, M ,  v e r n a  f o r  e x a m p le  o c c u r s  o n  17 q u a d r a t s  o n  T r ,  4
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a t  a m e a n  c o v e r  v a lu e  o f  19. 4% ; f o r  th e  18 q u a d r a t s  o c c u p ie d  b y  th e  
s p e c ie s  o n  th e  s p o i l  o f  T r .  1 th e  a v e r a g e  c o v e r  i s  12. 3%. T h e  m e a n s  
o f  th e  tw o  s a m p le s  d i f f e r  s i g n i f i c a n t l y  (P  <  0 .0 0 1 ) .  B a r e  g r o u n d  i n
m a n y  o f  th e  q u a d r a t s  i n  th e  s p o i l  a r e  o n  T r ,  4 i s  le s s  th a n  i n  the  
e q u i v a l e n t  r e g i o n  o n  T r .  1. O n  th e  a s s u m p t i o n  t h a t  e q u a l  t i m e  h a s  
b e e n  a v a i l a b l e  f o r  c o l o n i z a t i o n  b y  p l a n t s ,  r e a s o n a b l y  c e r t a i n  i n  
t h i s  l o c a l i t y ,  s o m e  f a c t o r  s e e m s  m o r e  f a v o u r a b le  f o r  v e g e t a t i o n  
g r o w t h  o n  th e  s p o i l  o f  T r .  4,
T h e  s p o i l  o f  T r .  1 w a s  r a t h e r  m o r e  d i s t u r b e d  th a n  t h a t  o f  T r .  4. T h e  
s p o i l  h e a p  o n  T r .  1 w a s  f r e q u e n t l y  c r o s s e d  b y  c a t t l e  w h i c h  d e s c e n d e d  
T w i n b o t t o m  S c a r  a t  th e  n o r t h e r n  e n d  a n d  a ls o  t h e r e  w a s  s o m e  d i s ­
t u r b a n c e  b y  s h e e p  w h ic h  u s e d  th e  c a v e  o n  T r .  1 f o r  s h e l t e r .  T h is  
w i l l  h a v e  th e  e f f e c t  o f  r e t a r d i n g  s u c c e s s io n  o n  T r .  1 b u t  i t  a p p e a r s  
u n l i k e l y  t h a t  a l l  th e  v e g e t a t i o n  d i f f e r e n c e s  b e tw e e n  th e  tw o  a r e a s  a r e  
d u e  to  d i s t u r b a n c e .  T h e  o n l y  o t h e r  m a j o r  d i f f e r e n c e  b e tw e e n  th e  
s p o i l  h e a p s  i s  one  o f  s u b s t r a t e  t e x t u r e ;  i t  a p p e a r s  p o s s ib le  t h a t  a 
p r o p o r t i o n  o f  th e  o b s e r v e d  d i f f e r e n c e s  b e tw e e n  the  v e g e t a t i o n  o f  
th e  h e a p s  m a y  be  a s c r i b e d  to  th e  r a t h e r  m o r e  f a v o u r a b l e  t e x t u r a l  
c h a r a c t e r i s t i c s  o f  th e  s p o i l  o f  T r .  4,
A b o u t  2 0 m  to  th e  s o u th  o f  T r .  1 ( F i g .  8. 3) T w i n b o t t o m  S c a r  T r .  5 
( F i g .  8 , 6) c r o s s e d  a n  a r e a  o f  m i n e r a l i s a t i o n  u n a f f e c t e d  b y  m i n i n g  
a c t i v i t y .  I n  th e  f i r s t  tw o  q u a d r a t s  c o p p e r ,  le a d  a n d  z in c  le v e l s  
a r e  l o w  a n d  c a l c i c o l e  s p e c ie s  s u c h  as  G a l i u m  p u m i l u m  a n d  Se s l e r i a  
a l b i c a n s  o c c u p ie d  p o c k e t s  o f  s o i l  i n  th e  l im e s t o n e  p a v e m e n t  a n d  c l i f f .  
A t  3 m  h o w e v e r  th e  z in c  c o n c e n t r a t i o n s  o f  th e  s o i l  i n c r e a s e s  to  
7 4 ,  000 p p m ,  t h i s  c o i n c i d i n g  w i t h  a m i n e r a l i s e d  b e d d in g  p la n e  i n  th e  
l i m e s t o n e .  T h i s  c o n c e n t r a t i o n  o f  z in c  i s  a l m o s t  e q u a l  to  t h a t  o f  
th e  s p o i l  o n  T r .  4 a n d  c o n t r a s t s  w i t h  th e  u n d i s t u r b e d  m i n e r a l i s a t i o n s  
a t  E l l e r  B e c k  i n  W e n s le y d a le  w h e r e  h e a v y  m e t a l  l e v e l s  i n  th e  u n ­
d i s t u r b e d  s i t e s  w e r e  o f t e n  m u c h  l o w e r  t h a n  o n  a d ja c e n t  a r e a s  o f  
s p o i l .  T h i s  s i t e  i s  q u i t e  s i g n i f i c a n t  a s  an  e x a m p le  o f  a n  u n d i s t u r b e d  
m i n e r a l i s a t i o n  o f  v e r y  h ig h  h e a v y  m e t a l  c o n c e n t r a t i o n .  H o w e v e r ,  as  
F i g .  8. 6 s h o w s ,  i n  c o n t r a s t  to  th e  s p o i l  i n  T w i n b o t t o m ,  le a d  and  
c o p p e r  c o n c e n t r a t i o n s  a t  3 m  a r e  n o t  h ig h .
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TWINBOTTOM SCAR. TR 5. 
GEOBOTANY
, Ach iflea  m ille fo liu m
C erastium  vu lgatum
C am fjanula ro tu n d ifo lia
, Lo tus co rn icu la tu s
P o te n tilla  e re c ta
Viola lu te a
a 5 ^ / iy m u s  dru ce i
, R um ex acetosa
G a liu m  p u m ilu m
, G ahum  sa x a tile
, Carex b in e rv is
Ju n cu s  squarrosus
, ^ l ^ l c u s  fanatus
bJJuncus e ffu su s
D escham psia  caesp itosa
D escham psia  flexuosa
B m a  m ed ia
A n th o x a n th u m  od ora tum
Sesleria  a lb icans
A g ro s tis  te nu is
F estuca ru b ra
Th lasp i a lpestre
M in u a r tia  verna
GEOCHEMISTRY
p lo tte d
possib le
- -B - ' ' -fl ' -"' -â'  "
RELIEF
Figure  8. 6
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Table 8, 7 Calc ium,  Ca/HM ratio and pH determinat ions  from the c liff
on Twinbottom Scar Tr. 5
S a m p le 3 m 4 m 5 m 6 m
p o i n t ------ ------ ■ ' — —
C a l c i u m
( p p m ) 3, 550 2 , 770 3, 150 2 , 700
C a / H M 0. 08 0. 15 0 . 38 0. 76
p H 6 . 9 6. 8 6. 0 5 .1
T a b le  8 . 7  d e m o n s t r a t e s  t h a t  c a l c i u m  c o n c e n t r a t i o n s  a r e  r e l a t i v e l y  l o w  
i n  th e  a r e a  o c c u p ie d  b y  M .  v e r n a  o n  T r .  5 as  a r e  th e  C a / H M  r a t i o s  a t  
3 a n d  4 m .  T h e  s o i l  a t  4 m  c o n t a in e d  12.1% o r g a n i c  c a r b o n  a n d  the  
r e l a t i v e l y  l o w  p H  a t  6 m  ( T a b le  8 . 7 )  s u g g e s ts  e v e n  g r e a t e r  o r g a n i c  
m a t t e r  a c c u m u l a t i o n .  B e c a u s e  o f  t h i s  o r g a n i c  m a t t e r  a c c u m u la t i o n  
a n d  th e  a t t e n d a n t  i m m o b i l i s a t i o n  o f  h e a v y  m e t a l  the  C a / H M  r a t i o s  
a r e  n o t  c o m p a r a b l e  w i t h  th o s e  o f  th e  s p o i l  h e a p s .  A s  h a s  b e e n  p o in t e d  
o u t  b e f o r e  th e  C a / H M  r a t i o  b e c o m e s  m u c h  le s s  u s e f u l  once  t h e r e  is  
s u b s t a n t i a l  o r g a n i c  m a t t e r  a c c u m u l a t i o n  i n  th e  s o i l .
M .  v e r n a  o n  t h i s  t r a n s e c t  l i n e  o c c u r r e d  s o l e l y  w i t h i n  th e  a r e a  o f  h ig h  
z i n c  c o n c e n t r a t i o n  a s s o c i a t e d  w i t h  th e  s te e p  l i m e s t o n e  s c a r p .  T h e  
q u a d r a t  w i t h  th e  h i g h e s t  c o v e r  o f  M .  v e r n a  w a s  t h a t  f r o m  5 to  6 m ,  
n o t  th e  a r e a  o f  m a x i m u m  z i n c  c o n c e n t r a t i o n .  I t  m a y  be t h a t  th e  l o w e r  
c o v e r  v a lu e s  f o r  M .  v e r n a  i n  th e  3 to  5 m  r e g i o n  a r e  r e l a t e d  to  the  
h i g h  t o x i c i t y  o f  th e  s o i l ,  i t  a p p e a r e d  t h a t  o n  T r .  1 th e  s p e c ie s  w a s  
a b s e n t  f r o m  th e  m o s t  t o x i c  a r e a s ,  b u t  a v e r y  i m p o r t a n t  f a c t o r  
a f f e c t i n g  th e  d i s t r i b u t i o n  o f  th e  s p e c ie s  i n  t h i s  a r e a  w i l l  be  th e  
d i f f i c u l t y  o f  c o l o n i z i n g  th e  s te e p  l i m e s t o n e  s c a r p .
P o t a s s i u m  a n d  m a g n e s i u m  ( T a b le  8. 8) i n  th e  a r e a  o n  T r .  5 o c c u p ie d  
b y  M .  v e r n a  w e r e  a t  l o w e r  c o n c e n t r a t i o n s  t h a n  th o s e  o f  th e  s p o i l  o f  
T r .  1 a n d  T r .  4 ( T a b le s  8. 2 a n d  8. 5) b u t  p h o s p h o r o u s  w a s  p r e s e n t  
i n  a g r e a t e r  a m o u n t .
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T a b le  8. 8 S o d iu m ,  p o t a s s i u m ,  m a g n e s iu m  a n d  p h o s p h o r o u s  de t e r m  in . 
a t i o n s  o f  s o i l  f r o m  5 rn  o n  T w i n b o t t o m  S c a r  T r .  5
S o d iu m  P o t a s s i u m  M a g n e s i u m  P h o s p h o r o u s
( p p m )  ( p p m )  ( p p m )  ( p p m )  ____
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F i g .  8 . 6 d e m o n s t r a t e s  t h a t  b o t h  le a d  a n d  z in c  i n c r e a s e  i n  c o n c e n t r a t i o n  
i n  th e  s o i l  o f  th e  f l o o r  o f  th e  d e p r e s s i o n .  T h e  le a d  c o n c e n t r a t i o n  i n  
th e  s a m p le  f r o m  2 2 m  i s  8, 080  p p m  a n d ,  a s s u m i n g  t h a t  le a d  h a s  b e e n  
t r a n s p o r t e d  i n t o  th e  b a s e  o f  th e  d e p r e s s i o n ,  a d i r e c t l y  l a t e r a l  s o u r c e  
d o e s  n o t  s e e m  p r o b a b l e ;  o n  T r .  5 th e  a n o m a lo u s  a r e a  i n  th e  3 to  6 m  
r e g i o n  c o n t a in s  l i t t l e  le a d .  T h e  d e p r e s s i o n  o f  T w i n b o t t o m  s lo p e s  
f r o m  n o r t h  to  s o u th  a n d  th e  s p o i l  h e a p s  i n  th e  T r .  1 a r e a  ( F i g .  8. 3) 
s e e m  a p r o b a b le  s o u r c e .  A s  o n  T r .  1 a n d  T r .  4 l e a d  e x c e e d s  z in c  i n  
c o n c e n t r a t i o n  i n  th e  s o i l  o f  th e  f l o o r  o f  th e  d e p r e s s i o n  e v e n  th o u g h  
z i n c  i s  th e  p r e d o m i n a n t  h e a v y  m e t a l  o f  th e  m i n e r a l i s a t i o n .
T h e  h e a v y  m e t a l  a c c u m u l a t i o n  b e tw e e n  20 a n d  2 6 m  o n  T r .  5 a p p e a r s  
t o  b e  s u f f i c i e n t  to  p r o v i d e  a h a b i t a t  f o r  T .  a l p e s t r e . T h e  p H  o f  th e  
s o i l  a t  2 4 m  i s  4 . 1 a n d  e v e n  t h o u g h  th e  o r g a n i c  c a r b o n  c o n te n t  o f  the  
s o i l  a t  t h i s  p o i n t  w a s  o v e r  25% i t  i s  v e r y  p r o b a b le  t h a t  a t  th e  l o w  p H  
th e  s o i l  i s  q u i t e  t o x i c .  I t  w a s  s u g g e s te d  f o r  the  A a c h e n - L i e g e  o r e ­
f i e l d  a n d  th e  M e n d ip s  t h a t  T .  a l p e s t r e  w a s  a b le  to  g r o w  i n  th e  s i t e s  
o f  l o w e r  p H  a n d  h ig h  h e a v y  m e t a l  c o n c e n t r a t i o n s  w h i c h  a p p e a r e d  
to  be to o  t o x i c  f o r  M .  v e r n a . T h i s  p a r t i c u l a r  s i t e  a p p e a r s  to  p r o v i d e  
a n o t h e r  e x a m p le  o f  t h i s .
T w i n b o t t o m  S c a r  T r .  3 ( F i g .  8. 7) w a s  l o c a t e d  b e tw e e n  T r .  1 a n d  
T r .  4, a s h o r t  d i s t a n c e  d o w n  T w i n b o t t o m  f r o m  T r .  5 ( F i g .  8. 3 ) .  A s  
o n  T r .  5 th e  s c a r p  o n  th e  t r a n s e c t  l i n e  w a s  u n a f f e c t e d  b y  m i n i n g  
o p e r a t i o n s .  T h e  b a c k g r o u n d  a r e a s  o f  l i m e s t o n e  p a v e m e n t  a n d  a c i d i c  
g r a s s l a n d  s h o w  th e  l o w  h e a v y  m e t a l  v a lu e s  s e e n  o n  th e  o t h e r  t r a n s e c t  
l i n e s .  I n  c o n t r a s t  to  T r .  5 w h e r e  v e r y  h ig h  z i n c  c o n c e n t r a t i o n s
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o c c u r r e d  i n  the  a n o m a lo u s  a r e a  z in c  on  t h i s  t r a n s e c t  l i n e  r e a c h e s  a 
l e v e l  o f  o n l y  12, 000  p p m .  A s  o n  T r .  5 le a d  l e v e l s  a r e  l o w  o v e r  the  
a n o m a l y .
T h e  p H  o f  th e  s o i l  a t  1 8 m , w i t h i n  th e  a r e a  o c c u p ie d  b y  M .  v e r n a  a n d  
T .  a l p e s t r e  w a s  5. 6 a n d  th e  o r g a n i c  c a r b o n  c o n t e n t  o f  th e  s o i l  w a s  
17. 2%. T h i s  p H  i s  l o w e r  t h a n  t h a t  f o u n d  i n  s p o i l s  o n  w h i c h  M .  v e r n a  
o c c u r s  b u t  t h i s  s a m p le  a l s o  c o n t a in s  a s u b s t a n t i a l  a m o u n t  o f  o r g a n i c  
m a t t e r .  T h i s  o r g a n i c  m a t t e r  w i l l  h a v e  th e  e f f e c t  o f  i m m o b i l i s i n g  
s o m e  o f  th e  z i n c .  O n  m a n y  o f  th e  s p o i l  m a t e r i a l s  c o n s i d e r e d  e l s e w h e r e  
th e  r e l a t i o n s h i p  b e tw e e n  c a l c i u m  a n d  h e a v y  m e t a l  c o n c e n t r a t i o n s  h a s  
b e e n  s h o w n  to  be a u s e f u l  d e t e r m i n a n t  o f  t o x i c i t y .  I n  t h i s  p a r t i c u l a r  
s i t e  th e  t o x i c i t y  i s  p r o b a b l y  a r e f l e c t i o n  o f  a r e l a t i o n s h i p  b e tw e e n  
p H ,  o r g a n i c  m a t t e r  c o n c e n t r a t i o n  a n d  z in c  l e v e l s ,  q u i t e  a d i f f e r e n t  
s i t u a t i o n .  A t  D o l f r w y n o g  b o g  i n  W a le s  M .  v e r n a  o c c u r s  on  p e a t y  
s o i l  w i t h  a p H  o f  5. 5 .a n d  c o n t a in in g  c o p p e r .  T h e  r e l a t i o n s h i p  b e tw e e n  
th e  o c c u r r e n c e  o f  M .  v e r n a  a n d  h e a v y  m e t a l  c o n c e n t r a t i o n s  in  o r g a n i c  
s o i l  w i l l  be  d i s c u s s e d  i n  th e  n e x t  c h a p t e r .
I t  i s  a p p a r e n t  f r o m  F i g .  8 / 7  t h a t  o n  T r .  3 l e a d  o n l y  s l i g h t l y  e x c e e d s  
z i n c  i n  c o n c e n t r a t i o n  i n  th e  f l o o r  o f  T w i n b o t t o m .  I t  i s  th e  c a s e  a ls o  
t h a t  b o t h  le a d  a n d  z i n c  do n o t  s u b s t a n t i a l l y  i n c r e a s e  i n  c o n c e n t r a t i o n  
a b o v e  b a c k g r o u n d  l e v e l s  i n  th e  d e p r e s s i o n .  T h i s  i s  i n  c o n t r a s t  to  th e  
o t h e r  t r a n s e c t s .
I t  s e e m s  p r o b a b le  t h a t  i n  th e  f l o o r  o f  th e  d e p r e s s i o n  a t  T w i n b o t t o m  
t h e r e  i s  s o m e  m o v e m e n t  o f  le a d  a n d  z in c  in  s o l u t i o n .  A l t h o u g h ,  as  
H a w k e s  a n d  W e b b  (1962) p o i n t  o u t ,  z i n c  i s  g e n e r a l l y  m o r e  m o b i l e  
t h a n  le a d ,  le a d  a p p e a r s  to  be  p r e s e n t  i n  g r e a t  c o n c e n t r a t i o n  i n  the  
f l o o r  o f  T w i n b o t t o m .  P r e s u m a b l y  th e  g r e a t e r  m o b i l i t y  o f  z in c  is  
r e s u l t i n g  i n  i t  b e in g  t r a n s p o r t e d  o u t  o f  th e  d e p r e s s i o n  w h i l e  the  le s s  
m o b i l e  l e a d  is  n o t  m i g r a t i n g  so  f a r .  T h u s  l e a d  i s  a c c u m u l a t i n g  in  
s u b s t a n t i a l  a m  ou  h t  s i n  th e  d e p r e s s i o n  f l o o r .
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T r .  3 h o w e v e r  d o e s  n o t  s h o w  a c c u m u la t i o n s  o f  th e  h e a v y  m e t a l s  i n  th e  
d e p r e s s i o n  w h i l e  T r a n s e c t s  1 a n d  5 d o .  A s s u m i n g  t h a t  th e  s p o i l  h e a p  
a t  T r .  1 a n d  p r o b a b l y  a ls o  th e  one j u s t  to  th e  n o r t h  o f  th e  w a l l  ( F ig .
8 . 3) a r e  m a j o r  s o u r c e s  f o r  th e  le a d  a n d  z in c  th e n  i t  i s  a p p a r e n t  t h a t  
th e  h e a v y  m e t a l s  m o v in g  s o u t h w a r d s  d o w n  th e  d e p r e s s i o n  do  n o t  r e a c h  
T r ,  3. F i g .  8. 3 s h o w s  a p o th o le  j u s t  s o u th  o f  th e  l i n e  o f  T r .  5 a n d  
i t  s e e m s  p r o b a b le  t h a t  t h i s  p o th o le  i n t e r c e p t s  th e  w a t e r  c a r r y i n g  le a d  
a n d  z in c  d o w n  th e  d e p r e s s i o n  a n d  d i r e c t s  i t  i n t o  th e  s u b t e r r a n e a n  
d r a i n a g e  s y s t e m .  I f  t h i s  i s  th e  c a s e ,  t h e n  th e  le a d  a n o m a ly  i n  th e  
d e p r e s s i o n  f l o o r  o n  the  l i n e  o f  T r .  4 i s  p r e s u m a b l y  d e r i v e d  f o r  th e  
m o s t  p a r t  f r o m  th e  s p o i l  h e a p  o n  t h a t  t r a n s e c t  l i n e .
I f ,  a s  s e e m s  th e  c a s e ,  th e  s p o i l  h e a p s  a r e  a m a j o r  s o u r c e  o f  th e  
h e a v y  m e t a l  c o n t a m in a t i o n  o f  th e  d e p r e s s i o n  f l o o r  th e n  i t  i s  a p p a r e n t  
t h a t  th e  T .  a l p e s t r e  h a b i t a t  a s s o c i a t e d  w i t h  t h i s  c o n t a m in a t i o n  o n  
T r .  5 ( F i g .  8 . 6) i s  a n o t h e r  e x a m p le  o f  th e  " s e m i - n a t u r a l "  m e t a l l i f e r o u s  
h a b i t a t  as  d e m o n s t r a t e d  i n  th e  E l l e r  B e c k  r e g i o n .  I t  i s  c l e a r  th a t  
a s  f a r  as  th e  i n d i c a t o r  s p e c ie s  a r e  c o n c e rn e d ,  th e  le g a c y  o f  m i n i n g  
o f t e n  e x te n d s  b e y o n d  th e  c o n f in e s  o f  th e  s p o i l  h e a p .
T h e  t r a n s e c t s  o f  T w i n b o t t o m  S c a r  a l s o  p r o v i d e  s o m e  i n d i c a t i o n  o f  
v a r i a t i o n  i n  th e  l o c a t i o n  o f  th e  zo n e  o f  m a x i m u m  m i n e r a l i s a t i o n  on  
th e  c l i f f .  T h e  d ip  o f  th e  l i m e s t o n e  i n  T w i n b o t t o m  S c a r  is  t o w a r d s  
th e  e a s t  a n d  th e  t o p  o f  th e  c l i f f  i s  m o r e  o r  l e s s  h o r i z o n t a l .  I n  
c o n s e q u e n c e  th e  b e d d in g  p la n e s  in  th e  l im e s t o n e  a r e  p a r a l l e l  w i t h  
th e  c l i f f  t o p .  R a i s t r i c k  (1954) g a v e  a n  i m p r e s s i o n  o f  m i n e r a l i s a t i o n  
w i t h i n  a b e d d in g  p la n e  o f  th e  l i m e s t o n e  b u t  th e  t r a n s e c t s  s u g g e s t  
s o m e  v e r t i c a l  v a r i a b i l i t y  i n  th e  z o n e  o f  m a x i m u m  m i n e r a l i s a t i o n .  
T r a n s e c t s  1 a n d  5 a r e  q u i t e  c lo s e  t o g e t h e r  b u t  th e  p o i n t  o f  m a x i m u m  
m i n e r a l i s a t i o n  o n  T r .  5 ( F i g .  8. 6) i s  q u i t e  c lo s e  to  th e  to p  o f  th e  
c l i f f  w h i l e  o n  T r .  1 ( F i g .  8 . 4 )  th e  e x c a v a t e d  b e d d in g  p la n e  is  m u c h  
l o w e r  d o w n .  O n  T r .  3 ( F i g .  8 . 7 )  th e  m a x i m u m  h e a v y  m e t a l  v a lu e s  
a g a in  o c c u r  b w  d o w n  o n  th e  l i m e s t o n e  o u t c r o p .  I t  m a y  be  t h a t  on 
T r .  5 ( F i g .  8. 6) f u r t h e r  m i n e r a l i s a t i o n  is  c o n c e a le d  b y  d r i f t  a n d
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s c r e e  w h i c h  h a s  b e e n  r e m o v e d  o n  T r .  1 b u t  i t  s e e m s  r e a s o n a b l y  c e r t a i n  
t h a t  th e  h ig h  h e a v y  m e t a l  l e v e l s  v i r t u a l l y  a t  th e  c l i f f  to p  on  T r .  5 
r e p r e s e n t  a n  u p w a r d  e x t e n s io n  i n  t h i s  r e g i o n  o f  th e  zone  o f  m i n e r a l ­
i s a t i o n .
S o u t h w a r d s  f r o m  th e  r e g i o n  o f  T r .  4 o n  T w i n b o t t o m  S c a r  th e  p r o m i n e n t  
l i m e s t o n e  c l i f f  b e c o m e s  s u b d u e d  a n d  th e  i n d i c a t o r  c o m m u n i t i e s  a r e  
r e d u c e d  to  i n f r e q u e n t  o c c u r r e n c e s  o f  i s o l a t e d  i n d i v i d u a l s .  T r .  6 
( F i g .  8. 8, l o c a t i o n  o n  F i g .  8. 3 ) c r o s s e d  one s u c h  a r e a .  A s  F i g .  8. 8 
s h o w s  th e  f i r s t  2 5 m  o f  th e  t r a n s e c t  t r a v e r s e d  a r e g i o n  o f  l im e s t o n e  
p a v e m e n t  b u t  t h e r e  w e r e  a ls o  p o c k e t s  o f  a c i d i c  s o i l .  T h e  v a r i a b i l i t y  
i n  s o i l  p H  is  s e e n  i n  th e  r e s u l t s  f o r  4 , 12 a n d  2 0 m ,  p H  7 .1 ,  5. 7 a n d  
4 . 3 r e s p e c t i v e l y .  In  c o n s e q u e n c e  b o th  c a l c i c o l e  a n d  c a l c i f u g e  s p e c ie s  
a r e  p r e s e n t  i n  t h i s  r e g i o n .  W i t h i n  t h i s  a r e a  le a d  a n d  z in c  a r e  p r e s e n t  
a t  b a c k g r o u n d  v a lu e s  f o r  th e  T w i n b o t t o m  r e g i o n  b u t  a t  3 0 m  z in c  
i n c r e a s e s  i n  c o n c e n t r a t i o n  to  2 , 2 4 0  p p m  a n d  a f e w  i n d i v i d u a l s  o f  
M .  v e r n a  o c c u r r e d  i n  th e  a s s o c i a t e d  q u a d r a t .  T h e  p H  o f  th e  s o i l  a t  t h i s  
s i t e  w a s  6. 7 a n d  a s  T a b le  8 . 9 s h o w s  th e  n u t r i e n t  s ta tu s  w a s  s i m i l a r  
t o  t h a t  o f  th e  a r e a  o c c u p ie d  b y  M .  v e r n a  o n  T r .  5 ( T a b le  8. 8)
T a b l e  8. 9 S o d iu m ,  p o t a s s i u m ,  m a g n e s i u m  a n d  p h o s p h o r o u s  c o n c e n ­
t r a t i o n s  a t  3 0 m  o n  T w i n b o t t o m  S c a r  T r .  6
S o d iu m  P o t a s s i u m  M a g n e s i u m  P h o s p h o r o u s
(ppm ) (ppm ) (ppm ) (P E E li--------------
105 350  510 1020
T h e  M .  v e r n a  o c c u r r e n c e  o n  t h i s  t r a n s e c t  l i n e ,  as  ju d g e d  b y  th e  b w  c o v e r  
v a l u e ,  is  a m a r g i n a l  one  b u t  i t  i s  a p p a r e n t  t h a t  a s m a l l  i n c r e a s e  i n  
z i n c  c o n c e n t r a t i o n ,  w h e r e  i t  i s  a s s o c i a t e d  w i t h  s o m e  i n s t a b i l i t y  as  
i t  i s  h e r e ,  i s  s u f f i c i e n t  t o  s w in g  th e  c o m p e t i t v e  b a la n c e  i n  f a v o u r  o f  
M .  v e r n a .
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GEOBOTANY
•251 A splénium  trichomanes
•25i dioica
JJ5, Viola lu tea
■251 Cam panula rotundifo lia
25 C erastium  vulgatum
•251 G alium  pum ilum
Achillea m illefo lium
25 Trifolium  repens
25 Thym us drucei 
 . —
R um ex acetosa
25 P lantago lanceo lata
Carex caryophyllea
Nardus stria ta
25 D escham psia caespitosa 
Li m_______
“  251 Descham psia flexuosa
25 Cynosurus cristatus
Koeleria cris ta ta
«I Holcus lanatus
k. os, A n th o xan th u m  odoratum
0, os, Sesleria albicans
A grostis  tenuis  .
Festuca rubra
, Festuca ovina
M in u a rtia  verna
_J
. ■ 1 1 . 1 I
GEOCHEMISTRY
RELIEE
TW IN B O TTO M  SCAR. 
TRANSECT 6.
Lim estone Pavem ent
Figure 8. 8
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A t  3 4 m  on t h i s  t r a n s e c t  l e a d  i n c r e a s e s  i n  c o n c e n t r a t i o n  to  2, 850 p p m  
a n d  the  p l l  w a s  4. 9. T h i s  i n c r e a s e  o f  le a d  i n  the  s o i l  o f  d e p r e s s io n  
f l o o r  i s  s i m i l a r  to  th o s e  s e e n  f u r t h e r  n o r t h  i n  T w i n b o t t o m  a l t h o u g h  
th e  s o u r c e  o f  th e  le a d  a t  t h i s  p o in t  i s  u n c e r t a i n .  T .  a l p e s t r e ,  the  u s u a l  
i n d i c a t o r  s p e c ie s  i n  t h i s  s i t u a t i o n ,  w a s  n o t  p r e s e n t ,
8. 3________ T h e  m e t a l l i f e r o u s  c o m m u n i t i e s  a t  th e  C a la m in e  M in e
C a la m i n e  o c c u r r i n g  as  a c a v e  f i l l i n g  w a s  d i s c o v e r e d  i n  th e  M a l h a m  
a r e a  a t  th e  b e g in n in g  o f  th e  N in e t e e n t h  C e n t u r y  ( R a i s t r i c k ,  1954) 
a n d  a s h a f t  w a s  d u g  b y  th e  s id e  o f  th e  S e t t le  t o  M a l h a m  b r i d l e - p a t h  
to  f a c i l i t a t e  i t s  r e m o v a l ,  t h i s  i s  th e  s h a f t  s h o w n  a d j o i n i n g  T r ,  8 o n  
F i g ,  8 , 3 ,  T r .  8 ( F i g ,  8 . 9 )  r a n  n o r t h w a r d s  f r o m  the  n o r t h e r n  e n d  
o f  th e  m o s t  s o u t h e r l y  s p o i l  h e a p  o n  F i g .  8, 3, A  s u b s i d i a r y  t r a n s e c t ,  
T r ,  8b ,  r a n  s o u t h w a r d s  f r o m  th e  Om p o in t  o f  T r ,  8, T r .  8b  h a s  n o t  
b e e n  i n c l u d e d  o n  F i g .  8 , 9 b u t  w i l l  b e  d i s c u s s e d  i n  due c o u r s e .
I t  i s  a p p a r e n t  f r o m  F i g .  8. 9 t h a t  T r .  8 c r o s s e d  tw o  p r o n o u n c e d  
h e a v y  m e t a l  a n o m a l i e s ,  c o r re s p o n c E n g  to  th e  s p o i l  h e a p s  o n  F i g .  8 . 3 ,  
T h e  g r o u n d  s u r f a c e  a lo n g  th e  t r a n s e c t  l i n e  w a s  a l m o s t  h o r i z o n t a l  
a n d  th e  r e l i e f  h a s  n o t  b e e n  in c lu d e d  o n  th e  d i a g r a m .  A s  F i g .  8. 9 
s h o w s  z in c  e x c e e d s  le a d  i n  c o n c e n t r a t i o n  i n  th e  a n o m a lo u s  a r e a s ,  
t h i s  w a s  a l s o  th e  c a s e  i n  th e  T w i n b o t t o m  a r e a ,  a n d  th e  h ig h e s t  
h e a v y  m e t a l  l e v e l s  a r e  a t t a i n e d  in  th e  s p o i l  h e a p  a d jo in in g  th e  s h a f t  
o f  th e  C a l a m in e  M in e .  I n  th e  b a c k g r o u n d  r e g i o n  b e tw e e n  th e  tw o  
a n o m a l i e s  le a d  s l i g h t l y  e x c e e d s  z in c  i n  c o n c e n t r a t i o n .
T h e  s p o i l  on  t h i s  t r a n s e c t  l i n e  i s  r a t h e r  v a r i a b l e  i n  c a l c i u m  c o n ­
c e n t r a t i o n s  ( T a b le  8. 10) a n d  th e  s a m p le  f r o m  1 4 0 m  w i t h  71, 500 p p m  
i s  u n u s u a l  f o r  th e  r e g i o n .
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T a b le  8. 10 C a l c i u m ,  s o d iu m ,  p o t a s s i u m ,  m a g n é s i u m  a n d  p H  
d e t e r m i n a t i o n s  f r o m  th e  C a la m in e  M in e  T r .  8.
S a m p le
p o i n t
C a l c i u m  
,(PP'2})....
S o d iu m
(zpzp).
P o t a s s i u m
(p p m )
M a g n e s iu m
( p p m )
pH
Om 8, 450 175 990 7 50 6. 5
10m 7, 500 17 5 1, 255 n d 6. 8
2 0 m 1, 350 10 5 1, 100 950 4 . 5
3 0 m 2 2 , 5 0 0 240 1, 100 n d 7 .1
4 0 m 2, 500 195 1, 0 5 5 1, 120 7 . 0
5 0 m 2, 2 5 0 175 600 n d 3. 5
6 0 m 1, 800 175 730 540 3. 7
7 0 m 1, 800 175 530 n d 3. 6
8 0 m 3, 550 150 530 400 4 .  0
1 0 0 m 1 ,8 0 0 150 530 540 3. 8
110m 2 , 350 105 400 n d 6 .1
1 2 0 m 5, 500 150 850 660 5 . 3
1 3 0 m 2 0 , 0 0 0 225 810 n d 6. 8
1 4 0 m 71, 500 370 730 890 6. 8
1 5 0 m 8, 200 125 890 n d 4. 0
T h e  C a / H M  r a t i o s  f o r  th e  s p o i l  a r e a s ,  w h i c h  a g a in  in c lu d e  c o p p e r  
i n  th e  c a l c u l a t i o n ,  a r e  s h o w n  i n  T a b le  8.11. A s  c o m p a r i s o n  w i t h  
T a b le  8 .1 0  s h o w s  th e  s a m p le s  a r e  f r o m  a r e a s  w h e r e  th e  p H  is  n e a r  
t o  7 , 0 a n d  t h u s  f r o m  s a m p le s  w h e r e  th e  C a / H M  r a t i o  m a y  be e x p e c te d  
to  p r o v i d e  a r e a s o n a b le  g u id e  to  t o x i c i t y .  C e r t a i n  o f  th e  s a m p le s  
f r o m  th e  s p o i l  h e a p s  a t  th e  C a la m in e  M in e  a p p e a r s  to  be  le s s  t o x i c  
t h a n  th o s e  f r o m  T w i n b o t t o m  S c a r  T r .  1 ( T a b le  8 .1 )  b u t  m u c h  o f  the  
s p o i l  n e v e r t h e l e s s  i s  q u i t e  t o x i c  b y  th e  s t a n d a r d  o f ,  f o r  e x a m p le ,  
th e  s p o i l  f r o m  D e r b y s h i r e  w i t h  i t s  h i g h e r  c a l c i u m  c o n c e n t r a t i o n s .
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T able 8. 11 Ca/HM ratios  for spoil  from  the Calamine Mine Tr. 8
S a m p le  Om  10m  3 0 m  4 0 m  1 3 0 m  140m
p o i n t _________ ___  ____ ____ ____ ______
C a / H M  0. 27 0 . 9 8  0 . 3 6  0 .1 3  0 . 25  1. 38
T h i s  r e l a t i v e l y  h ig h  t o x i c i t y  i s  r e f l e c t e d  in  th e  p r e s e n c e  o f  o n l y  a f e w  
s p e c ie s  i n  th e  s p o i l  a r e a s .  O n l y  T .  a l p e s t r e  a n d  M .  v e r n a  a r e  r e g u l a r l y  
p r e s e n t  i n  th e  r e g i o n s  o f  h i g h e s t  t o x i c i t y .  I t  i s  n o t i c e a b le  f r o m  F i g .
8 . 9 t h a t  M .  v e r n a  is  p r e s e n t  a t  l o w e r  c o v e r  v a lu e s  i n  th e  a n o m a lo u s  
z o n e  a r o u n d  1 3 0 m  th a n  i n  th e  m e t a l l i f e r o u s  r e g i o n  i n  th e  f i r s t  4 0 m .  
A l t h o u g h  h e a v y  m e t a l  l e v e l s  a r e  s o m e w h a t  h i g h e r  i n  th e  n e ig h b o u r h o o d  
o f  1 3 0 m  i t  a p p e a r s  f r o m  th e  C a / H M  r a t i o s  i n  T a b le  8.11 t h a t  th e  t o x i c i t y  
i s  n o t  g r e a t e r .  I t  i s  p r o b a b le  t h a t  th e  b a r e  g r o u n d  i n  t h i s  r e g io n ,  
w h i c h  i n  m a n y  q u a d r a t s  a p p r o a c h e s  100%, is  due to  t r a m p l i n g .  A s  
F i g .  8. 3 s h o w s  th e  M a l h a m  to  S e t t le  b r i d l e  - p a t h ,  m u c h  u s e d  b y  
w a l k e r s ,  c r o s s e s  th e  s p o i l  h e a p  a n d  th e  s h a f t  o b v i o u s l y  e x c i t e s  c o n ­
s i d e r a b l e  i n t e r e s t .
T h e  C a l a m i n e  M in e  T r .  8b  c r o s s e d  a v e r y  b a r e  s p o i l  h e a p ,  th e  b a s e  
o f  a  w a s h in g  f l o o r ,  to  th e  s o u th  o f  th e  Om  p o i n t  o f  T r .  8. T w e n t y  
f o u r  s a m p le s  f r o m  t h i s  h e a p  s h o v /e d  v e r y  h ig h  z in c  l e v e l s  a n d  q u i t e  
h i g h  le a d  a n d  c o p p e r  c o n e  c e n t  r a t i o n s .  C a l c i u m  w a s  p r e s e n t  in  l o w  
a m o u n t s .  T a b le  8. 12 s h o w s  th e  m e a n s  a n d  r a n g e s  o f  h e a v y  m e t a l  a n d  
c a l c i u m  c o n c e n t r a t i o n s  o n  t h i s  t r a n s e c t  a n d  i t  i s  c l e a r  t h a t  the  m e a n
T a b le  8. 12 H e a v y  m e t a l  a n d  c a l c i u m  a n a ly s e s  f r o m  th e  C a la m in e  
M in e  T r .  8b .
M e a n  M a x i m u m  M i n i m u m
Z i n c  ( p p m )  1 0 8 ,0 0 0  1 8 1 ,00 0  7 4 ,0 0 0
L e a d  (p p m )  2 4 , 0 0 0  6 7 ,5 0 0  1 3 ,0 0 0
C o p p e r  ( p p m )  3 , 8 8 5  5 ,7 7 0  3 ,3 0 0
C a l c i u m  ( p p m )  4 , 7 6 0  8 , 1 2 0  1 ,9 0 0
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l e v e l s  o f  lo a d  a n d  z in c  a p p r o x i m a t e  to  th e  m a x i m a  s e e n  o n  T r .  8 
( F i g .  8. 9) a n d  t h a t  i n  a d d i t i o n  c o p p e r  i s  p r e s e n t  i n  s u b s t a n t i a l  a m o u n t s .  
T h e  C a / H M  r a t i o  o f  th e  m e a n  v a lu e s  i s  0. 04  a n d  i t  i s  a p p a r e n t  t h a t  
t h i s  i s  a v e r y  t o x i c  s p o i l  h e a p .  A s  T a b le  8 .1 3  s h o w s  the  s p o i l  i n  o t h e r  
c h a r a c t e r i s t i c s  w a s  s i m i l a r  to  t h a t  e l s e w h e r e  i n  th e  a r e a .
T a b le  8. 13- S o d iu m ,  p o t a s s i u m ,  m a g n e s iu m ,  p h o s p h o r o u s  a n d  p H  
d e t e r m i n a t i o n s  f r o m  2 0 m  o n  th e  C a la m in e  M in e  T r .  8b
S o d iu m  P o t a s s i u m  M a g n e s i u m  P h o s p h o r o u s  p H
(ppm ) (ppm ) (ppm ) (PPm) ___
2 4 0  7 6 5  1 ,2 2 0  400  7 . 2
T h e  h i g h  t o x i c i t y  o f  th e  s p o i l  o n  T r .  8b  w a s  r e f l e c t e d  i n  th e  v i r t u a l  
a b s e n c e  o f  p l a n t  l i f e .  F o u r t e e n  o f  th e  t w e n t y  f o u r  q u a d r a t s  s h o w e d  no  
p l a n t s  w h a t s o e v e r  a n d  th e  a v e r a g e  c o v e r  v a lu e s  f o r  a l l  q u a d r a t s  w e r e  
M .  v e r n a , 2% , T .  a l p e s t r e , 1.1% a n d  F e s t u c a  o v in a ,  3 .9 % .  T h e  
f i g u r e  o f  3. 9% f o r  F .  o v in a  i s  m a i n l y  a t t r i b u t a b l e  t o  a h ig h  c o v e r  v a lu e  
o f  64% i n  one q u a d r a t  o f  l o w e r  h e a v y  m e t a l  l e v e l s ,  e l s e w h e r e  th e  
s p e c ie s  w a s  v i r t u a l l y  a b s e n t .  S o m e  d i s t u r b a n c e  o f  th e  s p o i l  b y  c a t t l e  
o c c u r r e d  a t  t h i s  s i t e  b u t  i t  a p p e a r s  t h a t  th e  l o w  c o v e r  v a lu e s  f o r  
v e g e ta t io n ,  m a y  be a t t r i b u t e d  f o r  th e  m o s t  p a r t  to  th e  h ig h  t o x i c i t y  
o f  th e  s p o i l .  T h e  s p o i l  h e a p  c a n  be d a te d  as  a b o u t  150 y e a r s  o ld  a n d  
i t  i s  c l e a r  t h a t  i n  t h a t  t i m e  i n  t h i s  p a r t i c u l a r  e n v i r o n m e n t  l i t t l e  
c o l o n i z a t i o n  h a s  t a k e n  p la c e .
8. 4_______ O t h e r  m e t a l l i f e r o u s  s i t e s  to  th e  w e s t  o f  th e  C o v e  R o a d  a t
M a l h a m
T h e  G r i z e d a l e  C o p p e r  M in e s  a r e  a b o u t  5 0 0 m  to  th e  w e s t  o f  th e  C a l a m i n e  
M in e  o n  th e  b r i d l e  - p a t h  f r o m  M a l h a m  to  S e t t le .  T r .  9 ( F i g .  8 . 2 )  
w a s  a t  t h i s  l o c a l i t y  a n d  P la t e  3 s h o w s  th e  m i n e r a l i s e d  l i m e s t o n e  
s c a r p  d o w n  w h i c h  th e  t r a n s e c t  r a n .  I n  p la c e s  the  l i m e s t o n e  s c a r p  
h a s  b e e n  d i s t u r b e d  b u t ,  as  P la t e  3 s h o w s ,  t h e r e  w a s  no  e v id e n c e  o f
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P la te  3.
A  m in e r a l i s e d  l im e s to n e  s c a r p  a t  the G r iz e d a le  
C o p p e r  M in e s .
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m i n i n g  n e a r  to  th e  t r a n s e c t  l i n e .  T a b le  8 .1 4  s h o w s  th a t ,  as  c o m p a r e d  
w i t h  s o m e  o f  the  o t h e r  m e t a l l i f e r o u s  s i t e s  in  the  T w in b o t t o m  r e g io n ,  
l e a d  a n d  z in c  a r e  p r e s e n t  i n  l o w  c o n c e n t r a t i o n s  i n  th e  s p o i l  a n d  c o p p e r  
is  p r o b a b l y  t in  p r e d o m i n a n t  t o x i c  h e a v y  m e t a l .
T a b le  8. 14 H e a v y  m e t a l ,  c a l c i u m ,  p H  a n d  o r g a n i c  c a r b o n  d e t e r m i n a t i o n s  
f r o m  th e  G r i z e d a l e  C o p p e r  M in e  T r .  9
S a m p le
p o in t
C o p p e r
(.RPRlJ
L e a d
( E P B l
Z in c
I h h r I
C a l c i u m  
.(PPP^).. ,
p H O r g a n i c
c a r b o n
2 0 m 2 , 0 9 0 1, 520 1 2 ,9 0 0 2 0 ,0 0 0 7. 3 12. 7%
2 4 m 2, 500 1, 970 1 1 ,8 0 0 6, 735 n d nd
2 6 m 2 , 8 5 0 2, 300 2 2 , 9 0 0 6 ,2 2 0 7. 0 1 0 .2 %
M .  v e r n a  a n d  T .  a l p e s t r e  w e r e  p r e s e n t  i n  th e  a n o m a lo u s  a r e a  ( T a b le  
8 .1 4 )  o n  a n d  a t  th e  b a s e  o f  th e  c l i f f .  P la t e  3 e m p h a s is e s  a p o in t  t h a t  
h a s  b e e n  m a d e  b e f o r e ,  t h i s  s i t e  is  n o t  o b v i o u s l y  a m e t a l l i f e r o u s  one 
a n d  o n l y  th e  p r e s e n c e  o f  th e  i n d i c a t o r  s p e c ie s  g iv e s  an  i n d i c a t i o n  o f  
th e  t o x i c i t y  o f  the  s o i l .  T h i s  i s  th e  s o r t  o f  p la c e  w h i c h  i t  h a s  b e e n  
s u g g e s te d  m i g h t  go u n r e c o g n i s e d  as  a t o x i c  l o c a l i t y  a n d  s i t e s  s u c h  as 
t h i s  m a y  be r e s p o n s ib l e  f o r  a n u m b e r  o f  r e c o r d s  f o r  M .  v e r n a  a n d  
T .  a l p e s t r e  f r o m  s u p p o s e d ly  u n m i n e r a l i s e d  l o c a l i t i e s .
M .  v e r n a  a n d  T .  a lp e  s t r e  w e r e  a l s o  s e e n  i n  a f e w  o t h e r  p la c e s  to  th e  
w e s t  o f  th e  C o v e  R o a d  a t  M a l h a m .  A n a l y s e s  f r o m  th e s e  s i t e s  a r e  
s h o w n  in  T a b le  8 ,1 5  a n d  t h e i r  l o c a t i o n s  a r e  o n  F i g .  8 . 2 .
T a b le  8 .1 5  H e a v y  m e t a l ,  c a l c i u m  a n d  p H  d e t e r m i n a t i o n s  f r o m  s i t e s  to  
th e  w e s t  o f  th e  C o v e  R o a d  a t  M a l h a m
S i te C o p p e r L e a d Z in c C a l c i u m p H
( p p m ) (p p m ) (PP™) ( p p ™ i . . .
1 2, 240 6 7 ,5 0 0 2 7 ,0 0 0 4 6 , 5 0 0 7 . 0
2 652 8 , 0 8 0 106, 000 n d 7 . 4
3 57 730 4, 400 n d 6 . 9
4 717 8, 750 10, 000 n d 7 . 4
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T h e  s a m p le s  f r o m  S i te s  1 a n d  2 a r e  o f  s p o i l  f r o m  w o r k i n g s  to  th e  n o r t h  
o f  T w i n b o t t o m  S c a r .  B o t h  i n d i c a t o r  s p e c ie s  o c c u r r e d  a t  th e s e  s i t e s  
a n d  th e  m a i n  v a lu e  o f  th e  a n a l y s e s  i s  th e  r e a f f i r m a t i o n  o f  the  
v a r i a b i l i t y  i n  th e  h e a v y  m e t a l  c o n c e n t r a t i o n s  i n  the  m i n e r a l i s a t i o n s  
i n  t h i s  a r e a .  S i te  3 w a s  m o r e  i n t e r e s t i n g .  T h i s  w a s  o n  a s lo p e  o f  
a b o u t  2 5 °  j u s t  to  th e  w e s t  o f  th e  C o v e  R o a d  ( F i g .  8. 2) a n d  h e r e  j u s t  a 
f e w  i n d i v i d u a l s  o f  M .  v e r n a  a n d  T .  a l p e s t r e  o c c u r r e d ,  g r o w in g  w i t h  
th e  n o r m a l  c a l c i c o l o u s  s p e c ie s  o f  th e  d i s t r i c t .  T h e  s i t e  w a s  v e r y  
c o m p a r a b le  to  t h a t  w h e r e  M .  v e r n a  o c c u r r e d  a t  3 0 m  on  T w i n b o t t o m  
S c a r  T r .  6. A s  i n  th e  M .  v e r n a  a r e a  o n  th e  t r a n s e c t  z i n c  l e v e l s  i n  
t h i s  s i t e  a r e  a b o v e  th e  b a c k g r o u n d  l e v e l  f o r  th e  T w i n b o t t o m  r e g i o n  
( a r o u n d  1, 000  p p m )  b u t  le a d  c o n c e n t r a t i o n s  a r e  n o t  a b o v e  n o r m a l .  
A l l i e d  to  th e  i n s t a b i l i t y  o f  th e  s i t e ,  th e  s lo p e  w a s  a b o u t  2 5 ° ,  the  
e n h a n c e d  z in c  l e v e l s  a t  S i te  3 a p p e a r  to  t i p  th e  c o m p e t i t i v e  b a la n c e  
i n  f a v o u r  o f  th e  i n d i c a t o r  s p e c ie s .
S i te  4 w a s  r a t h e r  d i f f e r e n t ,  a s m a l l  d i s t u r b e d  a r e a  n e x t  to  a l a y b y  a t  
th e  r o a d s id e  w h e r e  M .  v e r n a  w a s  r e p r e s e n t e d  b y  a c o u p le  o f  p l a n t s  . 
L e a d  a n d  z i n c  c o n c e n t r a t i o n s  ( T a b le  8 .1 5 )  a r e  r e l a t i v e l y  h ig h .  T h e  
t o x i c i t y  a p p e a r s  to  be due to  a s m a l l  q u a n t i t y  o f  s p o i l  d u m p e d  a t  
th e  r o a d s id e  o r  p e r h a p s  o r e  f a l l e n  f r o m  a c a r t .  T h e  s i t e  w a s  no  
m o r e  th a n  5 0 c m s  s q u a r e  a n d  w a s  n o t  a s p o i l  h e a p .
T h e  tw o  s i t e s  3 a n d  4 a r e  q u i t e  s i g n i f i c a n t .  T h e  a r e a  to  th e  w e s t  o f  
th e  C o v e  R o a d  a t  M a l h a m  h a s  b e e n  e x t e n s i v e l y  r e c o n n o i t r e d  a n d  
M .  v e r n a  a n d  T .  a l p e s t r e  h a v e  o n l y  b e e n  fo u n d  i n  p la c e s  w h e r e  h e a v y  
m e t a l  l e v e l s  i n  th e  s o i l  a r e  a b o v e  n o r m a l .  C e r t a i n  o f  t h e s e  s i t e s  
h a v e  b e e n  c r e a t e d  b y  m a n  b u t  o t h e r s  a p p e a r  to  be  e n t i r e l y  n a t u r a l .
I t  i s  a p p a r e n t  t h a t  th e  i n d i c a t o r  s p e c ie s  i n  t h i s  a r e a  a r e  in d e e d  
a c t i n g  as  i n d i c a t o r s  o f  m i n e r a l i s a t i o n .
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8. 5_______ M e t a l l i f e r o u s  l o c a l i t i e s  e l s e w h e r e  i n  th e  C r a v e n  D i s t r i c t
T o  th e  e a s t  o f  M a l h a m  T a r n  s m a l l  m i n e r a l i s a t i o n s  o c c u r  on  th e  c r e s t  
o f  P r o c t o r  H i g h  M a r k  ( F i g ,  8. 1). T h e  m i n e s  h e r e  a c c o r d i n g  to  
R a i s t r i c k  (1947) w e r e  n e v e r  i m p o r t a n t  b u t  T .  a l p e s t r e  a n d  M .  v e r n a  
o c c u r  a s s o c i a t e d  w i t h  th e  s p o i l  h e a p s  t o d a y .  T h e  s p o i l  h e a p s  a r e  n o t  
l a r g e ,  T a b le  8 .1 6  s h o w s  th e  r e s u l t s  o f  h e a v y  m e t a l  a n d  c a l c i u m  
a n a l y s e s  f r o m  one  o f  th e  b i g g e r  o n e s .  A l t h o u g h  z i n c  I s  s t i l l  th e  m o s t  
i m p o r t a n t  h e a v y  m e t a l  i n  th e  s p o i l  h e r e ,  c o p p e r  i s  r e l a t i v e l y  i n ­
s i g n i f i c a n t  i n  c o m p a r i s o n  to  th e  T w i n b o t t o m  S c a r  a r e a .  T h e  m a j o r  
d i f f e r e n c e  h o w e v e r  b e t w e e n  th e  s p o i l s  o f  th e  P r o c t o r  H i g h  M a r k  a n d  
T w i n b o t t o m  a r e a s  i s  i n  t h e i r  c a l c i u m  c o n c e n t r a t i o n s ,  th e  c a l c i u m  
c o n c e n t r a t i o n s  o f  th e  s p o i l  a t  P r o c t o r  H i g h  M a r k  a r e  s i m i l a r  to  th o s e  
o f  D e r b y s h i r e .
T a b le  8 .1 6  H e a v y  m e t a l ,  c a l c i u m  a n d  C a / H M  r a t i o  d e t e r m i n a t i o n s  
f r o m  P r o c t o r  H i g h  M a r k  T r .  1
S a m p le
p o i n t
C o p p e r
(p p m )
L e a d
( P P ^ I
Z i n c
(p p m )
C a l c i u m
(p p m )
C a / H
I m 2 1 8 2 , 850 3 3 ,0 0 0 1 6 2 ,0 0 0 8 .1 6
3 m 157 5, 090 2 9 ,  100 120, 500 6 . 0 5
5 m 230 8, 300 2 2 , 0 0 0 1 5 8 ,5 0 0 6 . 0
7 m 290 8, 300 1 8 ,0 0 0 132, 000 7 . 5
9 m 25 0 10, 700 10, 700 6 8 , 0 0 0 3 . 5
I n  c o n s e q u e n c e  th e  C a / H M  r a t i o s  o f  th e  s p o i l  f r o m  t h i s  s i t e  a r e  h i g h  
a n d  th e  t o x i c i t y  i s  n o t  g r e a t .  R a i s t r i c k  (1947) p o i n t e d  o u t  t h a t  th e  
P r o c t o r  H ig h  M a r k  v e i n s  c o n t a in e d  c a l c i t e  i n  q u a n t i t y  w h i l e  t h o s e  o f  
th e  G r i z e d a l e  a r e a  w e r e  r i c h  i n  q u a r t z .  T h e  a n a l y s e s  c l e a r l y  r e f l e c t  
t h i s .
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T  a b le  8. 17. S o d iu m ,  p o t a s s i u m ,  m a g n e s i u m ,  p h o s p h o r o u s ,  p H  a n d
o r g a n i c  c a r b o n  d e t e r m i n a t i o n s  f r o m  6 m  on  P r o c t o r  H ig h  
M a r k  T r .  1
S o d iu m  P o t a s s i u m  M a g n e s i u m  P h o s p h o r o u s  p H  O r g a n i c
( p p m )  ( p p m )  ( p p m )  ( p p m )_________  ____ c a r b o n
6 5 5  1, 540 1 ,2 6 0  1 ,0 0 0  7 . 2  8 .2 %
T h e  n u t r i e n t  s t a tu s  o f  th e  s p o i l  a t  P r o c t o r  H i g h  M a r k  ( T a b le  8 .1 7 )  s h o w s  
t h a t  a g a in  th e  s p o i l  h e r e  h a s  a g r e a t e r  s i m i l a r i t y  w i t h  t h a t  o f  D e r b y s h i r e  
t h a n  w i t h  th e  T w i n b o t t o m  a r e a .
T h e  s p o i l  h e a p  a t  P r o c t o r  H i g h  M a r k  w a s  s ta b le  a n d  M .  v e r n a  o c c u r r e d  
a l l  a lo n g  the  t r a n s e c t  l i n e .  T .  a l p e s t r e  h o w e v e r  w a s  r e s t r i c t e d  to  th e  
5 m  r e g i o n .  A  n u m b e r  o f  o t h e r  s p e c ie s  a l s o  o c c u r r e d  o n  th e  s p o i l  h e a p ,  
F e s t u c a  o v i n a . T h y m u s  d r u c e i , S a x i f r a g a  h y p n o i d e s , G a l i u m  p u m i l u m , 
E u p h r a s i a  o f f i c i n a l i s , C a m p a n u la  r o t u n d i f o l i a  a n d  G e r a n i u m  
r o b e r t i a n u m  L .  T h e s e  a r e  th e  s p e c ie s  t h a t  w e r e  p r e s e n t  o n  th e  c a l ­
c a r e o u s  s p o i l  d u m p s  o f  D e r b y s h i r e .  S a x i f r a g a  h y p n o id e s  h a s  b e e n  
s u g g e s te d  as  a n  i n d i c a t o r  i n  D e r b y s h i r e  b y  C o le  (1975) a n d  G e r a n i u m  
r o b e r t i a n u m  i s  p r e s e n t  o n  th e  c o p p e r  r i c h  s p o i l  h e a p s  a t  E c t o n  H i l l  i n  
S t a f f o r d s h i r e .  I t  a p p e a r s  t h a t  r a t h e r  m o r e  s p e c ie s  a r e  p r e s e n t  o n  
t h i s  s p o i l  h e a p  t h a n  o n  th o s e  o f  th e  T w i n b o t t o m  a r e a  due to  th e  l e s s  
t o x i c  n a t u r e  o f  th e  s u b s t r a t e .
A  f e a t u r e  o f  i n t e r e s t  o n  t h i s  t r a n s e c t  l i n e  i s  th e  p r e s e n c e  o f  A f.  v e r n a  
o n  s t a b le  s p o i l  a t  C a / H M  r a t i o s  u p  to  8 .1 6 ,  i n  D e r b y s h i r e  th e  s p e c ie s  
w a s  r a r e l y  f o u n d  on  s t a b le  s p o i l  a t  C a / H M  r a t i o s  i n  e x c e s s  o f  3. 0 .
F a r t h e r  e a s t  a g a in  is  th e  m i n e r a l i s e d  a r e a  o f  G r a s s i n g t o n  M o o r  
( F i g .  8. 1). H e r e  m i n e r a l i s a t i o n  e jc te n d e d  in t o  th e  M i l l s t o n e  G r i t  a n d  
t h e r e  w e r e  r i c h  w o r k i n g s  i n  th e  E ig h t e e n t h  a n d  N in e t e e n t h  C e n t u r i e s  
( R a i s t r i c k  a n d  J e n n in g s ,  1965 ) .  A t  th e  p r e s e n t  d a y  l a r g e  s p o i l  h e a p s  
m a y  be s e e n  o n  the  m o o r .  T a b le  8 .1 8  p r e s e n t s  th e  r e s u l t s  o f  h e a v y  
m e t a l  a n d  c a l c i u m  a n a l y s e s  f r o m  a  n u m b e r  o f  s p o i l  h e a p s  o n  G r a s s i n g t o n  
M o o r .  C o p p e r  i s  n o t  i n c lu d e d ,  i t  w a s  p r e s e n t  i n  a l l  s a m p le s  a t  l e v e l s
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T a b le  8. 18 H e a v y  n i c t a l ,  c a l c i u m  a n d  C a / H M  r a t i o  d e t e r m i n a t i o n s  f r o m  
s p o i l  o n  G r a s s i n g t o n  M o o r .
S i te L e a d Z in c
( p p m )
C a l c i u m
(p p m )
C a / H M
1 3 8 , 2 0 0 7, 700 113, 000 2. 69
2 3 2 , 7 0 0 3, 800 65 , 000 1. 88
3 1 ,2 4 0 3, 600 8, 500 2. 8
4 1, 680 3, 800 14, 500 4. 02
5 5, 860 2, 200 115, 500 16. 62
6 15, 700 4 4 ,0 0 0 1 0 7 ,0 0 0 2 . 87
7 94 , 700 5, 300 7 8 ,0 0 0 0 . 8
8 2 , 2 5 0 2 3 ,3 0 0 69 , 000 4. 96
b e l o w  2 5 0  p p m .  I t  i s  a p p a r e n t  t h a t  a l t h o u g h  th e  w o r k i n g s  w e r e  i n  the  
M i l l s t o n e  G r i t  s o m e  o f  th e  s p o i l  h e a p s  c o .n ta in  l a r g e  a m o u n t s  o f  c a l c i u m .  
P ie c e s  o f  c r i n o i d a l  C a r b o n i f e r o u s  L i m e s t o n e  w e r e  v i s i b l e  o n  s o m e  o f  
th e  s p o i l  h e a p s  a n d  i t  a p p e a r s  t h a t  th e  w o r k i n g s  p e n e t r a t e d  to  th e  l i m e ­
s to n e .
T a b le  8. 19 s h o w s  t h a t  p o t a s s i u m  w a s  p r e s e n t  i n  th e  s p o i l  f r o m  S i te  4 
i n  h i g h  c o n c e n t r a t i o n  f o r  a s p o i l  h e a p  w h i l e  th e  m a g n e s i u m  l e v e l  i s  
w i t h i n  th e  n o r m a l  r a n g e .
T a b le  8. 19 S o d iu m ,  p o t a s s i u m  a n d  m a g n e s i u m  d e t e r m i n a t i o n s  f r o m  
S i te  4 o n  G r a s s i n g t o n  M o o r .
S o d iu m  P o t a s s i u m  M a g n e s i u m
(ppm) (ppm) (ppm)
210 7 , 2 8 0  2 ,1 0 0
M .  v e r n a  w a s  p r e s e n t  a t  a l l  th e  s i t e s  s h o w n  i n  T a b le  8 .1 8 .  T h e s e  s i t e s  
s h o w  a b r o a d  r a n g e  o f  C a / H M  r a t i o s  f r o m  0. 8 to  16. 62 . S i te s  2 , 3 
a n d  5 w e r e  f r o m  u n s t a b le  s p o i l  w h i l e  a l l  th e  o t h e r  s a m p le s  w e r e  f r o m  
s ta b le  s i t e s .  M .  v e r n a  t h e r e f o r e  h a s  b e e n  fo u n d  o n  G r a s s i n g t o n  M o o r  
t o  o c c u r  i n  s t a b le  s i t e s  u p  to  a C a / H M  r a t i o  o f  4 . 96 (S i te  8) a n d  to  
g r o w  i n  u n s t a b le ,  e r o d in g  s p o i l  a t  a C a / H M  r a t i o  o f  16 .162  (S i te  5).
230
T o  th e  s o u th  e a s t  o f  G r a s s i n g t o n  M o o r  a t  A p p le  t r e e  w i c k  ( F i g .  8. 1) 
a s a m p le  w a s  t a k e n  f r o m  a s p o i l  h e a p  a t  a s m a l l  l e a d  m i n e .  T h i s  
s a m p le  w a s  f r o m  s ta b le  s p o i l  w h e r e  M .  v e r n a  o c c u r r e d  a t  a c o v e r  
v a lu e  o f  22% , o t h e r  s p e c ie s ,  m a i n l y  F .  o v in a ,  o c c u p ie d  47% o f  th e  
q u a d r a t  a n d  th e  r e m a i n d e r  v /as  b a r e  g r o u n d .  C a l c i u m  c o n c e n t r a t i o n s  
i n  t h i s  s p o i l  ( T a b le  8. 20 )  a r e  h ig h  w h i l e  h e a v y  m e t a l  c o n c e n t r a t i o n s  a r e  
r e l a t i v e l y  lo w .  T h e  r e s u l t  i s  th e  o c c u r r e n c e  o f  M .  v e r n a  a t  q u i t e  a 
h i g h  C a / H M  r a t i o .
T a b le  8 . 2 0  H e a v y  m e t a l ,  c a l c i u m  a n d  C a / H M  r a t i o  d e t e r m i n a t i o n s  
f r o m  A p p le  t r e e  w i c k  S. 1.
L e a d  Z  i n c  C a l c i u m  C a / H M
(p p m ) (ppm ) (ppm ) ________
7 . 2 2 0  1 2 ,3 0 0  1 6 2 ,0 0 0  12 .12
T h e  a n a l y s e s  f r o m  P r o c t o r  H i g h  M a r k ,  G r a s s i n g t o n  M o o r  a n d  A p p l e -  
t r e e w i c k  d e m o n s t r a t e  t h a t  t h e r e  a r e  e s s e n t i a l l y  tw o  d i s c r e t e  t y p e s  o f  
m e t a l l i f e r o u s  h a b i t a t  i n  th e  C r a v e n  d i s t r i c t ,  th e  t o x i c  s i t e s  o f  the  
T w i n b o t t o m  a r e a  w h i c h  a r e  l o w  in c a l c i u m  a n d  th e  m o r e  c a l c a r e o u s  
s i t e s  i n  th e  e a s t .  I t  a p p e a r s  f r o m  th e  a n a ly s e s  f o r  th e s e  e a s t e r n  
s i t e s  t h a t  M .  v e r n a  i s  p r e s e n t  t h e r e  o n  s p o i l  w i t h  q u i t e  h ig h  C a / H M  
r a t i o s .  T h i s  t o p i c  w i l l  be  r e t u r n e d  to  in  C h a p t e r  11.
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CHAPTER 9
T H E  D O L F R W Y N O G  A R E A  IN  T H E  C O E D - Y - B R E N I N  F O R E S T ,
N O R T H  W A L E S
9. 1________ I n t r o d u c t i o n
T h e  c o p p e r  m i n e r a l i s a t i o n  in  th e  D o l f r w y n o g r - e ^ o n  l i e s  w i t h i n  a n  a r e a  
o f  m o d e r a t e  r e l i e f  on  th e  s o u th  e a s t e r n  f l a n k  o f  the  H a r l e c h  D o m e  
a b o u t  6 k m  to  the  n o r t h  o f  D o l g e l l a u  i n  W a le s .  T h e  c o u n t r y  r o c k s  a r e  
a r g i l l i t e s  a n d  g r e y w a c k e s  o f  th e  M a e n t w r o g  a n d  F f e s t i n i o g  f o r m a t i o n s  
o f  U p p e r  C a m b r i a n  age  a n d  d ip  s t e e p l y  t o w a r d s  the  e a s t  ( R ic e  a n d  
S h a r p ,  1976 ). T h e  i n t r u s i v e  c h a l c o p y r i t e  m i n e r a l i s a t i o n  w i t h i n  an  
a l t e r e d  a n d  f r a c t u r e d  h o r n b le n d e  q u a r t z  d i o r i t e  is  b e l i e v e d  to  h a v e  b e e n  
e m p l a c e d  i n  L o w e r  O r d o v i c i a n  t i m e s  ( M e h r t e n s  e t  a l ,  1972).
T h e  m a j o r  s t r u c t u r e s  o f  th e  N o r t h  W a le s  a r e a  w i t h i n  w h i c h  D o l f r w y n o g  
l i e s  a r e  th e  r e s u l t  o f  e a r t h  m o v e m e n t s  o f  C a le d o n ia n  a g e .  In  N o r t h  
W a le s  s u b s e q u e n t  to  th e  d e p o s i t i o n  o f  s e d im e n t s  o f  C a m b r i a n ,  
O r d o v i c i a n  a n d  S i l u r i a n  age t h e r e  o c c u r r e d  th e  C a le d o n ia n  p e r i o d  o f  
i n t e n s e  o r o g e n i c  a c t i v i t y .  T h e s e  e a r t h  m o v e m e n t s  w e r e  c o n t r o l l e d  b y  
th e  P r e - C a m b r i a n  m a s s e s  o f  A n g le s e y  a n d  th e  B a n g o r  a n d  P a d e r n  
r i d g e s  i n  th e  n o r t h  w e s t  a n d  the  t o u g h e r  m e m b e r s  o f  th e  C a m b r i a n  
f o r m a t i o n  o f  th e  H a r l e c h  D o m e  in  th e  w e s t  a n d  s o u th  w e s t  ( S m i t h ,a n d  
G e o r g e ,  1961). T h i s  c o n t r o l  u l t i m a t e l y  p r o d u c e d  tw o  m a in  s y n c h l i n a l  
a r e a s ,  th e  S n o w d o n  s y n c l i n e  to  th e  n o r t h  w e s t  a n d  th e  C e n t r a l  W a le s  
s y n c  l i n e ,  on  th e  m a r g i n s  o f  w h i c h  D o l f r w y n o g  l i e s ,  to  th e  s o u th  e a s t .  
T h e s e  m a j o r  s t r u c t u r e s  s h o w  a g e n e r a l  c a le d o n o id  d i r e c t i o n  ( n o r t h  
e a s t  to  s o u th  w e s t )  w h i c h  s u b s e q u e n t  e r o s i o n  h a s  e m p h a s i s e d  ( S m i t h  
a n d  G e o r g e ,  1961).
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T h e  A r m o r  le a n  e a r t h  m o v e m e n t s  a t  the  c lo s e  o f  th e  C a r b o n i f e r o u s  
p e r i o d  p r o d u c e d  s o m e  f u r t h e r  f o l d i n g  a n d  f a u l t i n g  b u t  the  N o r t h  W a le s  
a r e a  a p p e a r s  to  h a v e  a c te d  as a r e s i s t a n t  m a s s  a n d  the  m o v e m e n t s  
te n d e d  to  c o n f o r m  to  th e  c a le d o n o id  g r a i n  o f  th e  c o u n t r y  ( S m i t h  and  
G e o r g e ,  1961).
T h e r e  i s  no  e v id e n c e  o f  M e s o z o i c  o r  T e r t i a r y  r o c k s  in  th e  a r e a  b u t  i t  
h a s  b e e n  s u g g e s te d  b y  n u m e r o u s  w o r k e r s  ( B r o w n ,  I9 6 0 )  t h a t  s u b s e q u e n t  
to  a s e r i e s  o f  p l a n a t i o n s  i n  the  e a r l y  M e s o z o i c  W a le s  w a s  c o m p l e t e l y  
c o v e r e d  b y  d e p o s i t s  o f  C r e t a c e o u s  a g e .  F o l l o w i n g  t h i s  W a le s  w a s  
u p l i f t e d  i n  th e  e a r l y  T e r t i a r y  a n d  r a d i a l  d r a in a g e ,  l a t e r  to  be s u p e r ­
i m p o s e d  u p o n  th e  u n d e r l y i n g  P a l a e o z o i c s ,  d e v e lo p e d  o n  th e  C r e t a c e o u s  
c o v e r .  I n  th e  c o u r s e  o f  t h e s e  e v e n ts  o ld  p e n e p la in s  w e r e  e x h u m e d  
a n d  n e w  p l a t f o r m s  c r e a t e d  ( B r o w n ,  I9 6 0 ) .
F o l l o w i n g  th e  T e r t i a r y  d e n u d a t io n  W a le s  w a s  s u b je c t e d  to  s e v e r a l  
e p is o d e s  o f  g l a c i a t i o n  i n  th e  P le i s t o c e n e  p e r i o d .  I t  a p p e a r s  t h a t  d u r i n g  
th e  P le is to c e n e  g l a c i a t i o n s  th e  i s o l a t e d  m o u n t a i n  m a s s i f s  o f  W a le s  
o p e r a t e d  as l o c a l  c e n t r e s  o f  i c e  a c c u m u la t i o n  a n d  r a d i a l  i c e  s t r e a m s  
d e v e lo p e d  ( S m i t h  a n d  G e o r g e ,  1961). T h e  l o c a l  W e ls h  ic e  te n d e d  to  
k e e p  o u t  th e  m a j o r  I r i s h  Sea ic e  a n d  i n  c o n s e q u e n c e  m u c h  m o r a i n e  is  
o f  l o c a l  o r i g i n .  T h i s  s e e m s  g e n e r a l l y  to  be the  c a s e  i n  th e  D o l f r w y n o g  
d i s t r i c t .  I c e  m o v e m e n t  a p p e a r s  to  h a v e  b e e n  f r o m  the  n o r t h  a n d  
a c c o r d i n g  to  M e h r t e n s  e t  a l  (1972) m i n e r a l i s e d  r o c k  f r o m  the  
c h a l c o p y r i t e  a n o m a l y  h a s  b e e n  t r a n s p o r t e d  f o r  n o  g r e a t  d i s t a n c e ,  t h e y  
s u g g e s t  te n s  r a t h e r  t h a n  h u n d r e d s  o f  m e t r e s .  T h e  t i l l  i n  th e  
D o l f r w y n o g  a r e a  h a s  a n  a v e r a g e  t h i c k n e s s  o f  6 m  ( M e h r t e n s  e t  a l ,  1972) 
b u t  a t  th e  c o p p e r  b o g  ( to  th e  n o r t h  o f  M y n y d d  B a c h ,  F i g .  9. 1) th e  
t i l l ,  c o m p o s e d  o f  g r e y  s h a le  f o r e i g n  to  the  a r e a ,  i s  m u c h  d e e p e r  a n d  
l a r g e  d i o r i t e  b o u l d e r s  o v e r l i e  th e  m o r a i n e  ( R ic e  a n d  S h a r p ,  1976).
T h e  t i l l  h e r e  i s  p r e s e n t  a t  d e p th s  u p  to  3 0 m  a n d  f i l l s  a b u r i e d  v a l l e y  
w h i c h  r u n s  r o u g h l y  f r o m  e a s t  to  w e s t .  I t  i s  s u g g e s te d  b y  R ic e  a n d  
S h a r p  (1976) t h a t  t h i s  v a l l e y  r e p r e s e n t s  th e  p r e - g l a c i a l  c o u r s e  o f  the  
A f o n  V7en w h i c h  f o r m e r l y  f l o w e d  e a s t  to  w e s t  to  j o i n  th e  A f o n  M a w d d a c h  
r a t h e r  t h a n  t u r n i n g  s h a r p l y  s o u th  to  th e  e a s t  o f  D o l f r w y n o g  ( P ig .  9 .1 )  
a s  i t  d o e s  n o w .
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A l t h o u g h  i t  l i e s  i n  th e  le e  o f  th e  H a r l e c h  D o m e  the  D o l f r w y n o g  r e g i o n  
p r o b a b l y  e x p e r i e n c e s  a h ig h  r a i n f a l l .  I n  the  p e r i o d  f r o m  1916 to  1950 
D o l g e l l a u  r e c o r d e d  1, 4 9 5  m m  o f  p r e c i p i t a t i o n  a n n u a l l y  w h i l e  B la e n a u  
F f e s t i n i o g  to  th e  n o r t h  e x p e r i e n c e d  a n  a v e r a g e  o f  2 , 7 9 5  m m  e a c h  y e a r .  
D o l f r w y n o g  l i e s  b e tw e e n  th e  tw o  a n d  i s  m o r e  o r  l e s s  i n t e r m e d i a t e  in  
a l t i t u d e ,  a r o u n d  2, 000 m m  o f  p r e c i p i t a t i o n  a n n u a l l y  s e e m s  p r o b a b le .  
M e a n  t e m p e r a t u r e s  f o r  J u l y  a n d  J a n u a r y  b a s e d  o n  a d j u s t m e n t  o f  th e  
f i g u r e s  f o r  A b e r y s t w y t h  a r e  p r o b a b l y  o f  the  o r d e r  o f  14. 2 ° C  a n d  3. 9 °C  
r e s p e c t i v e l y .
C a z a l e t  ( i n  R i c e  a n d  S h a r p ,  1976) s u r v e y e d  the  s o i l s  o f  th e  D o l f r w y n o g  
d i s t r i c t  a n d  f o u n d  s e v e n  s o i l  t y p e s ;  b r o w n  p o d s o l i c ,  p o d s o l ,  r a n k e r ,  
h u m i c  g le y ,  p l a c o s o l ,  p e a t y  g le y  a n d  p e a t .  O f  t h e s e  th e  b r o w n  
p o d s o l i c  w a s  b y  f a r  th e  m o s t  i m p o r t a n t ,  o c c u p y in g  56% o f  th e  a r e a .
T h e  v e g e t a t i o n  o f  th e  r e g i o n  h a s  b e e n  g r e a t l y  m o d i f i e d  b y  th e  w i d e ­
s p r e a d  p l a n t i n g  o f  c o n i f e r o u s  t r e e s  b y  the  F o r e s t r y  C o m m i s s i o n .
S i t k a  s p r u c e ,  P i c e a  s i t c h e n s i s  ( B o n g . )  C a r r i è r e  is  th e  m o s t  w i d e ­
s p r e a d  t r e e .  W h e r e  p l a n t a t i o n s  a r e  a b s e n t  a n  a c i d i c  F e s t u c a - A g r o s t i s  
g r a s s l a n d  o c c u r s .  M u c h  o f  th e  t e r r a i n  is  g e n t l y  s lo p in g  a n d  p e a t y  
s o i l s  a r e  n o t  g e n e r a l  b u t  i n  d e p r e s s i o n s  a n d  v a l l e y  b o t t o m s  t h e r e  is  
s o m e  p e a t  a c c u m u l a t i o n  a n d  th e  d e v e lo p m e n t  o f  c o m m u n i t i e s  o f  b o g  
p l a n t s .  T h e  c o p p e r  b o g  o c c u p ie s  one  s u c h  s i t e .
T h e  o c c u r r e n c e  o f  c o p p e r  i n  c o n s i d e r a b le  c o n c e n t r a t i o n s  i n  p e a t  i n  the  
C o e d - y - B r e n i n  a r e a  w a s  o b s e r v e d  b y  H e n w o o d  (1857). He m e n t i o n e d  
a p e a t  a t  M a e s - y - G l w y s a n  c o n t a in in g  r e l a t i v e l y  l i t t l e  c o p p e r  b e f o r e  
p r o c e e d i n g  to  d e s c r i b e  the  e x t e n s i v e  d e p o s i t  o f  " c o p p e r  t u r f "  a t  
D o l f r w y n o g  w h e r e ,  he s t a t e s ,  70 a c r e s  (28 h a )  w e r e  w o r k e d  i n  the  
e a r l y  N i n e t e e n t h  C e n t u r y .  T h i s  i s  a  m u c h  l a r g e r  a r e a  th a n  th a t  
o c c u p ie d  b y  th e  c o p p e r  b o g  t o d a y  ( F i g .  9 . 2 ) ,  a b o u t  10 a c r e s  (4 h a ) .
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H e n w o o d  (1857) d e s c r ib e d  a s u r f a c e  b e d  o f  p e a t ,  6 0 c m  o r  so in  t h i c k n e s s ,  
b e lo w  w h ic h  t h e r e  w a s  a b e d  o f  s to n e s  o f  u n e x p la in e d  o r i g i n  and  th e n  a 
f u r t h e r  l a y e r  o f  p e a t  c o n t a in in g  l i t t l e  c o p p e r  a n d  l e f t  u n w o r k c d .  S u c h  a 
c o n f i g u r a t i o n  o f  b e d s  i s  n o t  a p p a r e n t  t o d a y .  T h e  p e a t  w a s  b u r n e d  i n  k i l n s  
a n d  th e  a s h e s  w e r e  s e n t  to  S w a n s e a  f o r  f u r t h e r  p r o c e s s i n g .  H e n w o o d  
(1857) r e c o r d s  t h a t  a t  th e  t i m e  o f  h is  v i s i t  th e  r e m a i n i n g  p e a t  w o u ld  n o t  
y i e l d  m o r e  th a n  2^%  c o p p e r  a n d  w o r k i n g  i t  w a s  n o t  a n  e c o n o m ic  p r o ­
p o s i t i o n .  T h i s  r e m a i n i n g  p e a t  is  p r e s u m a b l y  th e  m a t e r i a l  i n v e s t i g a t e d  
i n  th e  c o u r s e  o f  t h i s  s tu d y .
W i t h i n  th e  g e n e r a l  a r e a  o f  D o l f r w y n o g  s o m e  v e i n  m in e r a l i s a t i o n s  a l s o  
o c c u r  a n d  i n  1847 th e  N o r t h  V /a le s  S i l v e r ,  L e a d ,  C o p p e r  a n d  G o ld  M i n i n g  
C o m p a n y  w a s  c r e a t e d  to  w o r k  th e  lo d e s  a t  D o l f r w y n o g  a n d  e l s e w h e r e  
i n  th e  D o l g e l l a u  g o ld  b e l t  ( A n d r e w ,  1910). T h e  s p o i l  o f  the  m in e  d u m p s  
i n  th e  a r e a  o f  th e  b o g  a n d  a lo n g  th e  A f o n  W e n  (S I a n d  S9, F i g .  9 .1 )  
p r o b a b l y  d a te s  f r o m  t h i s  p e r i o d .  T h e  g a n g u e  m a t e r i a l  o f  the  s t r o n g e r  
v e in s  a c c o r d i n g  to  H e n w o o d  (1857), a n d  t h i s  i s  . v i s i b l e  o n  th e  t i p s  
t o d a y ,  is  a m i x t u r e  o f  q u a r t z  a n d  c a l c i t e .
I t  w a s  o b v io u s  to  th e  o ld  m i n e r s  t h a t  th e  c o p p e r  c o n ta in e d  i n  th e  p e a t  
o f  the  c o p p e r  b o g  h a d  a lo c a l  o r i g i n  a n d  m u c h  e f f o r t  w a s  e x p e n d e d  i n  the  
s e a r c h  f o r  t h i s .  T h e y  e n v is a g e d  a s t r o n g l y  m i n e r a l i s e d  s o u r c e  b u t  
n e v e r  l o c a t e d  o n e .  R e c e n t l y  R io  T i n t o  F in a n c e  a n d  E x p l o r a t i o n  L t d .  
h a v e  c a r r i e d  o u t  e x p l o r a t i o n  w o r k  i n  th e  a r e a  ( R ic e  a n d  S h a r p ,  1976) 
w h i c h  h a s  r e v e a l e d  t h a t  th e  o r i g i n  o f  th e  c o p p e r  i s  th e  l o w  g r a d e  
c h a l c o p y r i t e  m i n e r a l i s a t i o n  m e n t i o n e d  p r e v i o u s l y .  M e h r t e n s  e t  a l  
(1972) h a v e  p r e s e n t e d  s o m e  o f  th e  r e s u l t s  o f  t h i s  e x p l o r a t i o n  a n d  h a v e  
s h o w n  a b r o a d  s o i l  a n o m a l y  e lo n g a t e d  f r o m  n o r t h  to  s o u th  s u r r o u n d in g  
th e  b o g .  T h e  b o g  h o w e v e r  i s  n o t  th e  c e n t r e  o f  th e  m i n e r a l i s a t i o n ,  t h i s  
i s  to  th e  e a s t  o f  th e  b o g  ( R ic e  a n d  S h a r p ,  1976). T h e  b l o c k i n g  o f  the  
f o r m e r  v a l l e y  o f  th e  A f o n  W e n  m e n t i o n e d  p r e v i o u s l y  h a s  r e s u l t e d  i n  
a p e r c h e d  w a t e r  t a b le  i n  th e  a r e a  ( R ic e  a n d  S h a r p ,  1976) a n d  the  
a n o m a l y  h a s  b e e n  d i s p l a c e d  b y  h y d r o m o r p h i c  m e a n s  t o w a r d s  the  w e s t .
I n  th e  c a s e  o f  th e  c o p p e r  b o g  th e  c h a n n e l  c o u r s e  w h i c h  u n d e r l i e s  i t
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a c t s  as  a c h a n n e l  w a y  f o r  m e t a l  r i c h  g r o u n d w a t e r s  w h i c h  e m e r g e  w i t h i n  
th e  b o g  a f t e r  p a s s in g  t h r o u g h  m i n e r a l i s e d  g r o u n d  s o m e  d is t a n c e  to  the  
e a s t  ( M e h r t e n s  e t  a l ,  1972). O t h e r  s p r i n g s  a n d  s e e p a g e s  o c c u r  n e a r  
M a e s - y r - e g l w y s - w e n ,  C a e ' n - y - c o e d  a n d  B u a r t h r e  ( F i g .  9. 1) a n d  
c o m m u n i t i e s  o f  the  i n d i c a t o r  s p e c ie s ,  as  a l s o  is  th e  c a s e  in  the  b o g ,  
a r e  a s s o c ia . t e d  w i t h  t h e m .
T h e  b o g  a d d i t i o n a l l y  r e c e i v e s  d r a in a g e  w a t e r s  f r o m  th e  m i n e r a l i s e d  
a r e a s  o n  th e  s lo p e  to  the  s o u th  a n d  f r o m  a n  a d i t  d r i v e n  i n t o  the  
s o u t h e r n  h i l l s i d e  ( F i g .  9 . 2 ) ,  th e  l a t t e r  p e r h a p s  the  w o r k i n g  w h i c h  
H e n w o o d  (1857) r e f e r s  t o  as  h a v in g  c o n t a in e d  " s e v e r a l  i r r e g u l a r  m a s s e s  
o f  c o p p e r  p y r i t e s ,  w e ig h in g  s o m e  t w o  to n s  e a c h .  "
9 . 2_________T h e  o u t l y i n g  i n d i c a t o r  p la n t  c o m m u n i t i e s
T h e  a n a ly s e s  f o r  h e a v y  m e t a l  a n d  c a l c i u m  in  t h i s  s e c t i o n  w e r e ,  w i t h  
the  e x c e p t i o n  o f  S i te  2, c a r r i e d  o u t  i n  a - 8 0  m e s h  s ie v e  f r a c t i o n  
d ig e s t e d  i n  8N  n i t r i c  a c id .  T h e  s o i l  f r o m  S ite  2 w a s  a n a ly s e d  b y  th e  
m e t h o d  o f  a s h in g  b e f o r e  s i e v i n g  a n d  d i g e s t i o n  i n  8N  n i t r i c  a c id .  T h e s e  
a n a l y t i c a l  p r o c e d u r e s  w e r e  d e s c r i b e d  a t  g r e a t e r  l e n g t h  i n  C h a p t e r  3.
T h e  d i f f e r e n c e  i n  p r o c e d u r e  i s  due to  the  d i f f e r e n t  c h a r a c t e r i s t i c s  o f  
th e  s o i l s ,  a l l  th e  s i t e s  o t h e r  th a n  S i te  2 h a d  s o i l s  r e l a t i v e l y  l o w  i n  
o r g a n i c  m a t t e r .  T h e  s o i l s  o f  th e  c o p p e r  b o g  w h i c h  v / i l l  be c o n s id e r e d  
i n  S e c t io n  9. 3 w e r e  a n a l y s e d  b y  b o th  p r o c e d u r e s  a n d  i t  a p p e a r s  t h a t  
th e  tw o  m e t h o d s  do  n o t  g iv e  s u b s t a n t i a l l y  d i f f e r e n t  r e s u l t s  f o r  c o p p e r  
c o n c e n t r a t i o n s .
F i g ,  9 .1  s h o w s  th e  d i s t r i b u t i o n  o f  th e  i n d i c a t o r  s p e c ie s  b e tw e e n  the  
A f o n  W e n  a n d  th e  A f o n  M a w d d a c h  i n  th e  C o e d - y - B  r e n i n  f o r e s t .  T h e  
i n d i c a t o r  p la n t s  a r e  a s s o c iâ t  e d  w i t h  p e a t y  s o i l s  i m p r e g n a t e d  b y  w a t e r  
t r a n s p o r t e d  c o p p e r  a n d  a l s o  w i t h  s p o i l  a n d  c u p r i f e r o u s  e x p o s u r e s .  
I n s p e c t i o n  o f  F i g .  9. 1 s h o w s  t h a t  A r m e r i a  m a r i t i m a  is  th e  m o s t  
w id e s p r e a d  i n d i c a t o r  s p e c ie s  in  the  d i s t r i c t ,  o c c u r r i n g  a t  a l l  s i t e s  
e x c e p t  S i te  3, a n d  f r e q u e n t l y  o c c u r s  i n  i s o l a t i o n .
At Site 1 (Fig. 9. 1) by the Afon Wen A. m a r it im a  and Minuartia ver na
g r o w  o n  s p o i l  h e a p s  d e r i v e d  f r o m  th e  w o r k i n g  o f  th e  D o l t r w y n o g  lo d e s .  
F a r t h e r  s o u th  a lo n g  th e  A f o n  W e n  the  s a m e  tw o  s p e c ie s  o c c u r r e d  a g a in  
o n  m in e  s p o i l  a t  S i te  9. T h e  c o p p e r  c o n c e n t r a t i o n s  in  th e s e  s p o i l s  w e r e  
b e tw e e n  2, 000 a n d  8, 000 p p m  a n d  T a b le  9. 1 s h o w s  h e a v y  m e t a l  a n d  
o t h e r  a n a ly s e s  o f  a r e p r e s e n t a t i v e  s a m p le  f r o m  S i te  1.
T a b le .  9. 1 H e a v y  m e t a l ,  c a l c i u m ,  p H  a n d  o r g a n i c  c a r b o n  d e t e r m i n a t i o n s  
o f  s p o i l  f r o m  th e  s p o i l  h e a p  a t  S i te  1.
C o p p e r  L e a d  Z i n c  C a l c i u m  p H  O r g a n i c
( p p m )  ( p p m )  ( p p m )  ( p p m )    c a r b o n
7 , 5 5 0  62 115 3 , 5 0 0  7 .1  2 .  6%
T h e  s i t e s  a t  M a e  s - y r - e g l w y s  -  w e n  (S. 2 ) ,  to  th e  s o u th  w e s t  o f  
B u a r t h r e  (S. 3) a n d  to  th e  s o u th  e a s t  o f  C a e ' n - y - c o e d  (S. 5) s h o w  
s i m i l a r i t i e s ,  a l l  s e e m  to  be  a s s o c ia t e d  w i t h  s p r i n g s  a n d  w a t e r  s e e p a g e s  
c a r r y i n g  c o p p e r  a n d  t h i s  c o p p e r  h a s  a c c u m u la t e d  i n  o r g a n i c  s o i l .
A .  m a r i t i m a  is  p r e s e n t  a t  a l l  t h r e e  s i t e s .  S i ie n e  m a r i t i m a  g r e w  o n l y  a t  
M a e s - y r - e g l w y s -  w e n  a n d  M .  v e r n a  w a s  n o t  s e e n  a t  a n y  o f  th e  s i t e s .  A n  
i n t e r e s t i n g  a s s o c ia t e  o f  A .  m a r i t i m a  a t  C a e ' n - y - c o e d  i s  T r o l l i u s  
e u r o p a e u s  L .  A  s o i l  s a m p le  f r o m  M a e s - y r - e g l w y s - w e n  s h o w e d  
c o p p e r  to  be p r e s e n t  a t  8 , 2 5 0  p p m .
T h e  s i t e s  to  the  w e s t  o f  T y ' n - y - m y n y d d  (S. 4 ) ,  to  th e  w e s t  o f  B r y n  
C o c h  (S. 3) a n d  to  th e  s o u th  o f  B w l c h - r h c s - w e n - i s a f  (S. 6) a r e  a g a in  
s i m i l a r .  A t  t h e s e  p la c e s  m o r a i n e  is  e x p o s e d  i n  r o a d s id e  c u t t i n g s  w h i c h  
a p p e a r  r e l a t i v e l y  r e c e n t  i n  o r i g i n .  C o p p e r  w a s  p r e s e n t  i n  th e  s u b s t r a t e  
a t  S i te  6 a t  a c o n c e n t r a t i o n  o f  2 , 200 p p m  a n d  a t  S i te  3 a t  th e  v e r y  
s i m i l a r  l e v e l  o f  2 , 0 0 0  p p m .  A l l  th e s e  s i t e s  a p p e a r e d  to  be r e l a t i v e l y  
u n s t a b l e .
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A t  S i te  7 A .  m a r i t i m a  g r e w  in  a s m a l l  a r e a  on  a s t r e a m  b a n k .  T h e  b a n k  
a t  t h i s  p o i n t  s h o w e d  a b l a c k  s t r a t u m  w i t h  c h a r c o a l ,  a b o u t  4 5 c m  t h i c k ,  
o v e r l y i n g  l i g h t e r  c o l o u r e d  m o r a i n e .  A  s u r f a c e  s a m p le  s h o w e d  a c o p p e r  
c o n c e n t r a t i o n  o f  5, 400  p p m  b u t  a s a m p le  f r o m  n e a r  the  b a s e  o f  th e  
b l a c k  l a y e r  c o n t a in e d  c o p p e r  a t  th e  e x c e p t i o n a l l y  h ig h  c o n c e n t r a t i o n  o f  
56 ,  000  p p m .  I t  s e e m s  p o s s ib le  t h a t  t h i s  s i t e  m a y  be one  o f  f o r m e r  
s m e l t i n g  a c t i v i t y .
I t  i s  c l e a r  t h a t  i n  a n u m b e r  o f  p la c e s  i n  t h i s  a r e a  o f  th e  C o e d - y - B r e n i n  
f o r e s t  th e  i n d i c a t o r  s p e c ie s  o c c u r  a s s o c i a t e d  w i t h  h ig h  l e v e l s  o f  
c o p p e r  i n  th e  s u b s t r a t e .  A t  th e  p r e s e n t  d a y  m u c h  o f  th e  d i s t r i c t  i s  
t h i c k l y  f o r e s t e d ,  i t  s e e m s  r e a s o n a b le  to  s u p p o s e  th a t  i f  t h i s  w a s  n o t  the  
c a s e  th e n  t h e r e  w o u ld  be m o r e  c o m m u n i t i e s  o f  th e  i n d i c a t o r  s p e c ie s  
a lo n g  th e  w a t e r c o u r s e s  a n d  o n  s m a l l  e x p o s u r e s  o f  c o p p e r  r i c h  m o r a i n e .
9 . 3 T h e  D o l f r w y n o g  c o p p e r  b o g
I n  C o e d - y - B r e n i n  the  b e s t  k n o w n  a n d  m o s t  e x t e n s iv e  a r e a  o c c u p ie d  b y  
th e  i n d i c a t o r  s p e c ie s  i s  the  c o p p e r  i m p r e g n a t e d  b o g ,  th e  " c o p p e r  t u r f "  
o f  th e  o ld  m i n e r s .  O c c u r r i n g  to  th e  n o r t h  o f  M y n y d d  B a c h  o n  F i g .  9. 1 
th e  a r e a  c o n t a in s  a c o m p l e x  o f  v e g e t a t i o n  c o m m u n i t i e s  w h i c h  h a v e  b e e n  
a f f e c t e d  b y  a f f o r e s t a t i o n  a n d  m i n i n g  ope r a t i o n s .
T h e  b o g  ( F i g .  9 . 2 )  o c c u p ie s  a h o l l o w  w h i c h  s lo p e s  g e n t l y  f r o m  e a s t  
t o  w e s t .  T o  th e  s o u th  o f  th e  b o g  a n d  e x te n d in g  u p h i l l  f o r  s o m e  d is t a n c e  
a r e  t h r e e  p a r a l l e l  o u t c r o p p i n g  v e i n s ,  o c c u p ie d  b y  a n  i n d i c a t o r  
c o m m u n i t y  i n v o l v i n g  p r i m a r i l y  A r m e r i a m a r i t i m a . T h e  w e s t e r n m o s t  
v e i n  i s  p e n e t r a t e d  a t  th e  base  o f  th e  h i l l  b y  a l e v e l  a t  th e  m o u t h  o f  
w h i c h  s p o i l  d u m p s  a r e  p r e s e n t .  T o  th e  w e s t  o f  th e s e  s p o i l  h e a p s ,  
o n  g r o u n d  n o t  a c t u a l l y  w i t h i n  th e  b o g  a r e a  a n d  p la n t e d  w i t h  c o n i f e r o u s  
t r e e s  A .  m a r i t i m a  o c c u r s  a lo n g  s m a l l  d r a i n  l i n e s .  T h e  t r a c k  w h i c h  r u n s  
f r o m  th e  s p o i l  h e a p s  a p p r o x i m a t e l y  n o r t h w a r d s  a c r o s s  the  b o g  a p p e a r s  
to  be  c o n s t r u c t e d  f r o m  s p o i l  m a t e r i a l .  T h e  t o x i c i t y  o f  th e  r o a d  m a t e r i a l  
i s  r e s p o n s i b l e  f o r  th e  s m a l l  n o r t h w a r d s  e x t e n s io n  o f  th e  i n d i c a t o r  p la n t  
c o m m u n i t i e s  ( F i g .  9. 2) o n  th e  n o r t h  s id e  o f  th e  b o g .
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T h e  r o a d  d i v i d e s  the  h o g  i n t o  a p p r o x i m a t e l y  a n  e a s t e r n  t h i r d  a n d  a 
w e s t e r n  tw o  t h i r d s ;  the  e a s t e r n  a r e a  i s  l e s s  a f f e c t e d  b y  th e  a c t i v i t i e s  
o f  m a n .  A  d r i l l i n g  t e a m  h a v e  d i s t u r b e d  th e  p e a t  i n  p la c e s  b u t  t h i s  is  
r e l a t i v e l y  i n s i g n i f i c a n t .  T o  th e  w e s t  o f  th e  r o a d  d i s t u r b a n c e  i s  m o r e  
p r o n o u n c e d .  A d j a c e n t  to  th e  s p o i l  h e a p s  s a w d u s t  h a s  b e e n  d u m p e d  a n d  
i n  th e  s u m m e r  o f  1973 a n d  on  s u b s e q u e n t  v i s i t s  s e e p a g e  o f  o i l  f r o m  the  
s a w d u s t  c o v e r e d  a r e a  w a s  o c c u r r i n g .  I n  th e  r e g i o n  to  th e  w e s t  o f  tlrs 
r o a d  a r e  th e  m a i n  F o r e s t r y  C o m m i s s i o n  d r a in a g e  w o r k s .  T h e  m a j o r  
s t r e a m  a lo n g  th e  n o r t h e r n  e d g e  o f  th e  b o g  h a s  b e e n  de e p e n e d  a n d  one 
l a r g e  c h a n n e l  a n d  o t h e r  s u b s i d i a r y  o n e s  h a v e  b e e n  e x c a v a te d  to  ta k e  
w a t e r  f r o m  s o u th  to  n o r t h  a c r o s s  th e  b o g .
T o  th e  w e s t  o f  the  b o g  th e  i n d i c a t o r  s p e c ie s  e x te n d  d o w n  th e  c h a n n e l  
o f  th e  s t r e a m  f o r  s o m e  d i s t a n c e .  T h i s  e x t e n s io n  i s  a g a in  v i s i b l e  o n  
F i g .  9 . 2 .  A  f e w  s a m p le s  w e r e  t a k e n  o f  a l l u v i u m  f r o m  th e  s t r e a m  b e d .  
A t  a s i t e  j u s t  a b o v e  w h e r e  th e  r o a d  c r o s s e s  th e  s t r e a m  ( F i g .  9 . 2 )
A .  m a r i t i m a  a n d  M i n u a r t i a  v e r n a  g r e w  i n  a l l u v i u m  c o n t a in in g  5, 7 50 
p p m  c o p p e r  w h i l e  50 m e t r e s  b e lo w  th e  b r i d g e  M .  v e r n a  g r e w  i n  
a l l u v i u m  i n  th e  s t r e a m  b e d ,  t h i s  a l l u v i u m  c o n ta in e d  b e tw e e n  1, 500 
a n d  1, 800 p p m  c o p p e r .  25  m e t r e s  b e lo w  t h i s  p o i n t  c o p p e r  l e v e l s  i n  th e  
a l l u v i u m  h a d  f a l l e n  to  1,160 jp m  a n d  n o  i n d i c a t o r  s p e c ie s  w e r e  p r e s e n t .
M o s t  o f  th e  w o r k  i n  th e  a r e a  w a s  c o n c e n t r a t e d  w i t h i n  th e  b o g .  F o u r  
t r a n s e c t s  w e r e  u s e d  a n d  t h e i r  a p p r o x i m a t e  p o s i t i o n s  a r e  s h o w n  i n  F i g .
9 . 2 . T r .  1 i n  th e  e a s t  c r o s s e d  th e  b o g  f r o m  s o u th  to  n o r t h ;  T r .  2 
b e g a n  a t  th e  m o u t h  o f  th e  l e v e l  a t  th e  w e s t e r n  e n d  o f  th e  b o g  a n d  
c r o s s e d  th e  b o g  p a r a l l e l  to  T r .  1, w h i l e  T r .  3 r a n  e a s t  to  w e s t  d o w n  
th e  c e n t r e  o f  th e  b o g ,  c r o s s i n g  th e  o t h e r  t r a n s e c t s  m o r e  o r  l e s s  a t  
r i g h t  a n g le s .  T h e  f o u r t h  t r a n s e c t ,  T r .  5 c r o s s e d  tw o  o f  th e  m i n e r a l i s e d  
a r e a s  o n  th e  h i l l s i d e  to  th e  s o u th  o f  th e  b o g  a n d  a g a in  r a n  f r o m  e a s t  
t o  w e s t .  T r .  5 i s  th e  l e a s t  v a r i a b l e  a n d  c o m p l e x  o f  th e  t r a n s e c t  l i n e s  
a n d  w i l l  be d e s c r i b e d  f i r s t .
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D e t e r m i n a t i o n  o f  c o p p e r  c o n c e n t r a t i o n s  w e r e  m a d e  in  tw o  w a y s .  One 
i n v o l v e d  a s h in g  b e f o r e  s i e v i n g  a n d  d i g e s t i o n  in  n i t r i c  a c id ,  the  o t h e r  
j u s t  s i e v i n g  b e f o r e  d ig e s t i o n  i n  a c id .  D e t a i l s  o f  th e  m e th o d s  w e r e  d i s ­
c u s s e d  i n  C h a p t e r  3. T h e  tw o  m e th o d s  g iv e  b r o a d l y  c o m p a r a b le  r e s u l t s .
I n  th e  f o l l o w i n g  d i s c u s s i o n  w h e n  c o p p e r  c o n c e n t r a t i o n s  o r  c o p p e r  to  
o r g a n i c  m a t t e r  r a t i o s  ( C u / O M  r a t i o s )  a r e  m e n t i o n e d  th e s e  a r e  
d e t e r m i n a t i o n s  m a d e  in  a s h e d  s o i l .
D o l f r w y n o g  B o g  T r .  5 ( F i g .  9. 3) c r o s s e d  the  h i l l s i d e  to  th e  s o u th  o f  th e  
b o g  a n d  t r a v e r s e d  th e  c e n t r a l  a n d  w e s t e r n  i n d i c a t o r  p la n t  a r e a s  ( F i g .
9 . 2 )  a n d  a n  i n t e r v e n in g  r e g i o n  o f  b a c k g r o u n d  v e g e t a t i o n .  F r o m  20 to  7 0 m  
th e  t r a n s e c t  r a n  t h r o u g h  a p l a n t a t i o n  o f  P in u s  s y l v e s t r i s  L .  a n d  in  t h i s  
r e g i o n  th e  g r o u n d  v e g e t a t i o n  w a s  r e c o r d e d  in  a l t e r n a t e  q u a d r a t s .  B a r e  
g r o u n d  h a s  b e e n  o m i t t e d  f r o m  th e  d i a g r a m  in  t h i s  a r e a  b e c a u s e  th e  
p r e s e n c e  o f  t r e e  t r u n k s ,  t r e e  s t u m p s  a n d  b r o k e n  b r a n c h e s  g r e a t l y  c o n ­
f u s e d  th e  s i t u a t i o n .  T h e  t r a n s e c t  l i n e  r a n  w i t h  th e  c o n t o u r  a n d  i n  c o n ­
s e q u e n c e  r e l i e f  h a s  n o t  b e e n  p la t te d  o n  F i g .  9 . 3. T h e  s lo p e  a c r o s s  the  
t r a n s e c t  l i n e  v a r i e d  b e tw e e n  7 °  a n d  19*^, th e  a r e a s  w i t h  th e  i n d i c a t o r  
s p e c ie s  w e r e  th e  m o s t  s t e e p l y  s lo p in g .
F i g .  9 . 3 s h o w s  t h a t  t h e r e  a r e  tw o  w e l l  d e f in e d  c o p p e r  a n o m a l i e s  i n  th e  
s o i l .  C o p p e r  l e v e l s  a r e  l o w e r  i n  th e  e a s t e r n  a n o m a l y  f r o m  0 to  2 0 m  
t h a n  i n  th e  w e s t e r n  o n e .  T h e  e a s t e r n  a n o m a l y  a p p e a r s  to  h a v e  b e e n  
r a t h e r  m o r e  d i s t u r b e d  th a n  th e  w e s t e r n  o n e .  O n  the  e a s t e r n  a n o m a l y  
j u s t  to  th e  n o r t h  o f  th e  t r a n s e c t  l i n e  ( F i g .  9. 2) t h e r e  h a s  b e e n  s o m e  
r e l a t i v e l y  r e c e n t  e x c a v a t i o n  a n d  th e  s a m p le d  a r e a  m a y  h a v e  b e e n  
a f f e c t e d  i n d i r e c t l y .  I n  a d d i t i o n  th e  t r a c k  w h i c h  r u n s  s o u t h w a r d s  f r o m  a 
s h o r t  d i s t a n c e  to  th e  n o r t h  o f  T r .  5 ( F i g .  9 . 2 )  a p p e a r s  to  h a v e  r u n  d o w n  
th e  e a s t e r n  a n o m a l y  a t  s o m e  t i m e  i n  th e  p a s t  a n d  w i l l  h a v e  c r o s s e d  the 
l i n e  o f  th e  t r a n s e c t  a t  s o m e  p o in t .  P r e c i s e l y  w h e r e  i s  n o t  c e r t a i n  b u t  
th e  a r e a  . w i t h  s u b s t a n t i a l  a m o u n ts  o f  b a r e  g r o u n d  b e tw e e n  5 a n d  10 m  s e e m s  
th e  m o s t  p r o b a b le .  In  c o n t r a s t  the  w e s t e r n  a n o m a l y  f r o m  75 to  100m  
a p p e a r s  n o t  to  h a v e  b e e n  d i s t u r b e d  i n  th e  r e c e n t  p a s t .
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M i n u a r t i a  v c r n a  is  p r e s e n t  i n  b o th  a n o m a lo u s  a r e a s  b u t  a p p e a r s  to  be 
r a t h e r  m o r e  f r e q u e n t  i n  th e  e a s t e r n  a n o m a ly .  A  s t r i k i n g  f e a t u r e  o f  the  
r e g i o n  f r o m  7 5 to  1 0 0 m  is  th e  v e r y  h i g h  c o v e r  v a lu e s  w h i c h  A r m c r i a  
m a r i t i m a  a t t a i n s  i n  c e r t a i n  q u a d r a t s .  C a l l u n a  v u l g a r i s  is  g e n e r a l l y  
p r e s e n t  o v e r  th e  w e s t e r n  a n o m a l y  b u t  o t h e r  s p e c ie s  s u c h  as  V a c c i n i u m  
m y r t i l l u s  L .  a n d  U l e x  g a l l i i  F l a n c h o n  a r e  c o m p l e t e l y  a b s e n t  f r o m  the  
r e g i o n s  o f  h i g h  c o p p e r  c o n c e n t r a t i o n .
I t  i s  e v id e n t  f r o m  T a b le  9. 2 t h a t  the  c o n c e n t r a t i o n s  o f  th e  b a s e s  a r e  
q u i t e  s i m i l a r  i n  b o th  th e  a n o m a lo u s  a r e a s  as  i s  the  p H .  P h o s p h o r o u s  
l e v e l s  a l s o  s e e m  s i m i l a r .
T a b le  9. 2 C a l c i u m ,  s o d iu m ,  p o t a s s i u m ,  m a g n e s i u m ,  p h o s p h o r o u s  a n d
p H  d e t e r m i n a t i o n s  f r o m  th e  a n o m a lo u s  a r e a s  o n  D o l f r w y n o g  T r .  5
S a m p le C a l c i u m S o d iu m P o t a s s i u m M a g n e s iu m P h o s p h o r o u s p H
p o in t ( p p m ) (p p m )
........ , (PPI^).
1 0 m 1, 100 105 490 3, 400 1, 140 5. 3
7 9 m 1, 550 12 5 600 3 , 3 0 0 1 ,0 4 0 5 . 3
91m 1, 800 105 530 n d n d 5. 1
P a r t i c l e  s iz e  a n a l y s i s  o f  s o i l  f r o m  th e  w e s t e r n  a n o m a l y  ( T a b le  9. 3) s h o w s  
i t  to  be  r e l a t i v e l y  f i n e  i n  t e x t u r e ,  m o r e  so t h a n  m o s t  s p o i l  h e a p  s o i l s .
T h e  p r o b a b i l i t y  o f  a b e t t e r  m o i s t u r e  s ta tu s  i n  t h i s  s u b s t r a t e  th a n  o n  m o s t  
s p o i l  h e a p s  p r o b a b l y  a c c o u n t s  f o r  th e  w i d e s p r e a d  p r e s e n c e  o f  A .  m a r i t i m a .
T a b le  9 . 3 P a r t i c l e  s iz e  a n a l y s i s  o f  s o i l  f r o m  7 6 m  o n  D o l f r w y n o g  B o g  T r .  5
C o a r s e  M e d i u m  F in e  S i l t  C l a y  O r g a n i c
s a n d  s a n d  s a n d       m a t t e r
8 .4 %  4 . ^ &  7 .7 %  3 5 .8 %  2 0 .7 %  2 ^ &
A n  i n t e r e s t i n g  f e a t u r e  o f  th e  d i s t r i b u t i o n  o f  M .  v e r n a  o n  the  t r a n s e c t  l i n e  
i s  i t s  g r e a t e r  f r e q u e n c y  i n  th e  e a s t e r n  a n o m a l y  f r o m  0 to  2 0 m  th a n  i n  
th e  w e s t e r n  o n e .  C o p p e r  l e v e l s  a r e  g e n e r a l l y  l o w e r  i n  th e  e a s t e r n  
a n o m a l y  a n d  i t  i s  n o t i c e a b le  t h a t  i n  th e  w e s t e r n  a n o m a l y  M .  v e r n a  is
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a b s e n t  f r o m  th e  a r e a  o f  th e  h i g h e s t  c o p p e r  c o n c e n t r a t i o n s  a r o u n d  9 0 m .
I t  w a s  s u g g e s te d  f o r  the  A a c h e n - L i e g e  a r e a  t h a t  M .  v e r n a  w a s  a b s e n t  f r o m  
c e r t a i n  s i t e s  w h e r e  A .  m a r i t i m a  o c c u r r e d  due to  e x c e s s i v e  t o x i c i t y  a n d  
t h i s  s e e m e d  a p o s s i b i l i t y  o n  t h i s  t r a n s e c t  l i n e .  I n  th e  80 to  8 8 m  r e g i o n  
h o w e v e r  M .  v e r n a  i s  g e n e r a l l y  a b s e n t  f r o m  s o i l s  w i t h  c o p p e r  l e v e l s  l o w e r  
t h a n  o r  e q u a l  to  t h o s e  o f  th e  10 to  1 5 m  r e g i o n  i n  w h i c h  th e  s p e c ie s  o c c u r s .
I n s p e c t i o n  o f  T a b le  9 . 4  s h o w s  t h i s  m o r e  c l e a r l y .  T h e  s a m p le s  f r o m  
8 5 m  a n d  9 7 m  s h o w  c o p p e r  c o n c e n t r a t i o n s  w h i c h  a r e  w i t h i n  th e  r a n g e  o f  
th o s e  o c c u p ie d  b y  th e  s p e c ie s  i n  th e  6 to  1 8 m  a r e a .  M .  v e r n a , h o w e v e r ,  
w a s  n o t  p r e s e n t  i n  th e  q u a d r a t s  a d j o i n i n g  th e s e  s a m p le  p o in t s .
D y k e m a n  a n d  de S o u s a  (1966) o b s e r v e d  t h a t  c o p p e r  w a s  p r e s e n t  i n  a 
b o g  i n  N e v /  B r u n s w i c k  a t  c o n c e n t r a t i o n s  u p  to  7% b u t  a p p e a r e d  to  h a v e  
n o  v i s i b l e  e f f e c t s  on  th e  v e g e t a t i o n .  T h i s  t h e y  r e l a t e d  to  th e  c h e la t i o n  
o f  c o p p e r  b y  o r g a n i c  m a t t e r  i n  th e  s o i l .  I t  th u s  s e e m e d  p o s s ib le  t h a t  
th e  t o x i c i t y  o f  th e  s o i l  o n  t h i s  t r a n s e c t  l i n e  w a s  n o t  a f u n c t i o n  o f  c o p p e r  
c o n c e n t r a t i o n  a lo n e  b u t  o f  a r e l a t i o n s h i p  b e tw e e n  c o p p e r  c o n c e n t r a t i o n  
a n d  th e  o r g a n i c  m a t t e r  c o n t e n t  o f  th e  s o i l .  A c c o r d i n g l y  i t  w a s  d e c id e d  
t o  c a l c u l a t e  a C u / O M  r a t i o  b a s e d  u p o n  th e  d a ta  f o r  c o p p e r  c o n c e n t r a t i o n s  
a n d  u s in g  th e  f i g u r e  f o r  p e r c e n t a g e  w e ig h t  l o s s  o n  a s h in g  as  r e p r e s e n t ­
a t i v e  o f  th e  o r g a n i c  m a t t e r  c o n t e n t  o f  th e  s o i l  ( t h i s  w a s  d i s c u s s e d  in  
C h a p t e r  3 . )
T a b le  9. 4 s h o w s  t h a t  th e  C u / O M  r a t i o s  f o r  th e  s a m p le s  f r o m  8 5 m  a n d  9 7 m  
w h e r e  M .  v e r n a . d i d  n o t  o c c u r ,  e v e n  th o u g h  t h e i r  c o p p e r  c o n c e n t r a t i o n s  
w e r e  s i m i l a r  to  th o s e  o f  th e  6 to  1 8 m  r e g io n ,  a r e  m u c h  h i g h e r  t h a n  th o s e  
fo u n d  i n  t h a t  r e g i o n .  I t  i s  c l e a r  f r o m  T a b le  9. 4 t h a t  M .  v e r n a  w a s  n o t  
p r e s e n t  o n  th e  t r a n s e c t  l i n e  a t  a C u / O M  r a t i o  g r e a t e r  t h a n  312 a n d  i t  
s e e m s  p r o b a b le  t h a t  th e  a b s e n c e  o f  th e  s p e c ie s  f r o m  th e  a r e a  b e tw e e n  
8 5 m  a n d  9 7 m  is  a f u n c t i o n  o f  th e  h ig h  C u / O M  r a t i o s  i n  t h a t  a r e a .
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Tabic 9. 4 C o p p e r  c o n c e n t r a t i o n s ,  o r g a n i c  m a t t e r  l e v e l s  and  the  C u / O M  
r a t i o s  o f  s a m p le s  f r o m  the  a n o m a lo u s  a r e a s  on  D o l f r w y n o g
S a m p le
p o i n t
B o g  T r .  5
C o p p e r
( p p m )
O r g a n i c
m a t t e r
C u / O M M i n u a r t i a
v e r n a
2 m 3 , 2 4 6 15% 2 1 6
6 m 4, 056 16% 2 5 4 +
10m 8, 742 28% 312 +
14 m 8, 012 31% 2 5 8 +
18m 8 , 2 8 4 37% 2 2 4 +
2 0 m 1 ,8 2 7 12% 152 -
7 6 m 1 0 ,9 9 0 26% 423 -
7 9 m 5 , 7 9 9 30% 193 +
8 3 m 7 , 4 5 8 31% 241 +
8 5 m 8, 052 18% 447 -
8 8 m 9 ,8 3 1 18% 546 -
91m 19, 3 8 5 28% 692 -
9 4 m 12, 668 39% 325 -
9 7 m 6, 169 11% 561 _
+ M .  v e r n a  p r e s e n t  i n  a d j o i n i n g  q u a d r a t s  
M .  v e r n a  a b s e n t  i n  a d j o i n i n g  q u a d r a t s
Thus  o n  t h i s  t r a n s e c t  l i n e  a l t h o u g h  c o p p e r  c o n c e n t r a t i o n s  g iv e  a n  
i n d i c a t i o n  t h a t  M .  v e r n a  m a y  be e x c lu d e d  f r o m  c e r t a i n  r e g io n s  b y  
e x c e s s i v e  t o x i c i t y  th e  C u / O M  r a t i o  a p p e a r s  to  a c c o u n t  r a t h e r  b e t t e r  f o r  
th e  d i s t r i b u t i o n  o f  th e  s p e c ie s .
D o l f r w y n o g  B o g  T r .  1 ( F i g .  9. 4) c r o s s e d  th e  b o g  i n  th e  a r e a  to  th e  e a s t  o f  
th e  t r a c k .  T h i s  r e g i o n  to  th e  e a s t  o f  th e  t r a c k  i s  n o t  as  d i s t u r b e d  as  
t h a t  to  th e  w e s t .  O n  th e  t r a n s e c t  l i n e  th e  t r a c k  m a r k e d  o n  the  r e l i e f  
p r o f i l e  ( F i g .  9. 4) w a s  l i t t l e  u s e d  a n d  th e  o n l y  a r e a  o f  m a j o r  r e c e n t  
d i s t u r b a n c e  is  t h a t  o f  the  r u t s  i n  the  r e g i o n  o f  5 0 m .  T h e s e  r u t s  h a v e
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b e e n  p r o d u c e d  b y  w h e e le d  v e h i c l e s  g o in g  to  one  o f  th e  d r i l l  h o le s  p u t  
d o w n  i n  the  b o g  d u r i n g  th e  R i o  T i n t o  F in a n c e  a n d  E x p l o r a t i o n  L t d .  d r i l l i n g  
p r o g r a m m e .  J u s t  b e y o n d  th e  r u t s  i n  th e  r e g i o n  f r o m  55 to  6 0 rn  w a s  an  
a r e a  o f  h u m m o c k s .  T h e s e  a r e  s h o w n  o n  F i g .  9 . 4 .  T h e  h u m m o c k s  a r e
h e a p s  o f  s to n e s  w h i c h  p r o b a b l y  w e r e  p i l e d  u p  i n  th e  c o u r s e  o f  p e a t
c u t t i n g  o p e r a t i o n s .
I t  i s  a p p a r e n t  f r o m  F i g .  9. 4 t h a t  th e  h i g h e s t  c o p p e r  l e v e l s  a r e  r e a c h e d  
i n  th e  r e g i o n  o f  5 5 m  a n d  t h a t  i n  t h i s  a r e a  th e  i n d i c a t o r  s p e c ie s  A .  m a r i t i m a  
a n d  M .  v e r n a  a r e  p r e s e n t .  M o l i n i a  c a e r u l e a ,  g e n e r a l l y  th e  d o m in a n t  
g r a s s  i n  th e  b o g ,  is  l a r g e l y  r e p l a c e d  o v e r  th e  a r e a  o f  h i g h  c o p p e r  v a lu e s  
b y  E r i o p h o r u m  v a g i n a t u m . A .  m a r i t i m a  is  m o r e  w i d e s p r e a d  a lo n g  the  
t r a n s e c t  l i n e  th a n  M .  v e r n a , r e f l e c t i n g  the  g r e a t e r  c o m p e t i t i v e  a b i l i t y  
o f  th e  s p e c ie  s .
T a b le  9. 5 p H  d e t e r m i n a t i o n s  a t  i n t e r v a l s  a lo n g  D o l f r w y n o g  B o g  T r .  1
6 m  2 4 m  3 6 m  4 8 m  51m 5 7 m  7 8 m
p H  5 . 0  4 . 7 4 . 8 5 . 0  5 .1  4 .  8 4 . 5
p H  v a lu e s  i n  th e  a r e a s  o c c u p ie d  b y  th e  i n d i c a t o r  s p e c ie s ,  th e  s a m p le s  
f r o m  6 m ,  4 8 m ,  51m  a n d  5 7 m  ( T a b le  9. 5) a r e  a r o u n d  5. 0. T h i s  i s  a b o u t  
th e  s a m e  l e v e l  a s  t h a t  o f  th e  s o i l  o n  D o l f r w y n o g  B o g  T r .  5. H o w e v e r  
th e  h i g h  w e ig h t  l o s s  o n  a s h in g  p e r c e n t a g e s  f o r  m a n y  s a m p le s  o n  t h i s  
t r a n s e c t  l i n e  ( F i g .  9. 4) i n d i c a t e  t h a t  th e  s u b s t r a t e  c o n ta in s  m o r e  
o r g a n i c  m a t t e r  th a n  th a t  o f  T r .  5 ( F i g .  9. 3 ) .  S e v e r a l  s a m p le s  on  
T r .  1 s h o w  o r g a n i c  m a t t e r  c o n te n t s  i n  e x c e s s  o f  60% .
A g a i n  o n  T r .  1 t h e r e  i s  n o t  a s t r a i g h t f o r w a r d  r e l a t i o n s h i p  b e tw e e n  th e  
i n c id e n c e  o f  th e  i n d i c a t o r  s p e c ie s  a n d  c o p p e r  c o n c e n t r a t i o n s .  F o r  
e x a m p le  A .  m a r i t i m a  o c c u r s  i n  th e  r e g i o n  o f  5 m  a t  c o p p e r  c o n c e n t r a t i o n s  
l o w e r  t h a n  th o s e  f o u n d  i n  th e  20 to  4 0 m  a r e a  w h e r e  the  s p e c ie s  i s  f o r  
th e  m o s t  p a r t  a b s e n t .  T h e  s a m p le s  a t  3, 6 a n d  9 m  h o w e v e r  a l l  h a v e  lo w  
l e v e l s  o f  o r g a n i c  m a t t e r  a n d  i n  c o n s e q u e n c e  t h e i r  C u / O M  r a t i o s  a r e
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j u s t  i n  e x c e s s  o f  100. T h e  s a m p le  f r o m  9 m  f o r  e x a m p le  c o n t a in s  o n l y  
7 2 7  p p m  c o p p e r  b u t  w i t h  th e  l o w  o r g a n i c  m a t t e r  c o n te n t  o f  7% a p p e a r s  
s u f f i c i e n t l y  t o x i c  to  d e p r e s s  c o m p e t i t i o n  s u f f i c i e n t l y  to  a l l o w  A .  m a r i t i m a  
to  o c c u r .  In  c o n t r a s t  th e  s a m p le s  f r o m  12 to  2 4 m ,  e v e n  th o u g h  t h e y  
c o n t a i n  m o r e  c o p p e r ,  a l l  s h o w  C u / O M  r a t i o s  l e s s  th a n  100. N e i t h e r  
A .  m a r i t i m a  n o r  M .  v e r n a  o c c u r s  o n  the  t r a n s e c t  l i n e  a s s o c i a t e d  w i t h  a 
s a m p le  w i t h  a C u / O M  r a t i o  l e s s  th a n  100. C e r t a i n  s i t e s  h o w e v e r ,
2 7 m  w i t h  a C u / O M  r a t i o  o f  213 i s  an  e x a m p le ,  h a v e  h ig h  C u / O M  r a t i o s  
a n d  n e i t h e r  i n d i c a t o r  s p e c ie s  i s  p r e s e n t .
A s  F i g .  9. 4 s h o w s  a n u m b e r  o f  o t h e r  s p e c ie s  o c c u r  on  th e  t r a n s e c t  l i n e ,  
o f t e n  g r o w i n g  o n  s u b s t r a t e s  w i t h  c o p p e r  c o n c e n t r a t i o n s  w h i c h  a r e  q u i t e  
h ig h .  I t  a p p e a r s  t h a t  i n  m a n y  a r e a s  o f  th e  t r a n s e c t  l i n e  o r g a n i c  m a t t e r  
l e v e l s  a r e  s u f f i c i e n t l y  h ig h  to  g r e a t l y  r e d u c e  th e  a v a i l a b i l i t y  o f  the  
c o p p e r ,
D o l f r w y n o g  B o g  T r .  2 ( F i g .  9 . 5) w a s  an  a l t o g e t h e r  m o r e  c o m p l e x  t r a n s e c t  
l i n e  t h a n  e i t h e r  T r .  1 o r  T r .  5. T h e  t r a n s e c t  r a n  f r o m  s o u th  to  n o r t h  
a n d  h a d  i t s  o r i g i n  o n  s p o i l  d u m p s  a t  th e  m o u t h  o f  th e  a d i t  s h o w n  o n  F i g .  
9 . 2 .  T h e  t r a n s e c t  m a y  be d i v i d e d  i n t o  t w o  d i s c r e t e  r e g i o n s ,  th e  a r e a  
o f  s p o i l  m a t e r i a l  to  3 0 m  a n d  th e  b o g  b e y o n d .
B o t h  A .  m a r i t i m a  a n d  M .  v e r n a  w e r e  p r e s e n t  o n  th e  s p o i l  h e a p  b u t  
M .  v e r n a  w a s  th e  m o r e  a b u n d a n t .  C o p p e r  c o n c e n t r a t i o n s  i n  th e  s p o i l  a r e  
b e tw e e n  1, 000 a n d  6, 000  p p m .  T h e s e  a r e  a b o u t  th e  s a m e  l e v e l s  as  
t h o s e  i n  th e  s p o i l  f r o m  th e  D o l f r w y n o g  L o d e s  (S i te s  1 a n d  9) m e n t i o n e d  
i n  S e c t io n  9. 2 . T h i s  a p p e a r e d  a l s o  to  be th e  c a s e  f o r  c a l c i u m  
( T a b le  9. 6) a l t h o u g h  th e  m a g n e s i u m  l e v e l  i n  t h i s  s p o i l  i s  h i g h e r  th a n  
a t  S i te  1 ( T a b le  9. 1).
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T a b le  9. 6 C a l c i u m ,  s o d iu m ,  p o t a s s i u m ,  m a g n e s iu m ,  p h o r p h o r o u s  a n d  
p H  d e t e r m i n a t i o n s  f r o m  6 m  o n  D o l f r w y n o g  B o g  T r .  2
C a l c i u m  S o d iu m  P o t a s s i u m  M a g n e s i u m  P h o s p h o r o u s  p H
iP Ü H l l   (PP™) ( p p m )  ( p p m )  ( p p m )  ____
4 , 2 5 0  150 850 1 0 ,0 0 0  740 7 . 2
T h e  r e l a t i v e l y  h i g h  p e r c e n t a g e  w e ig h t  l o s s  o n  a s h in g  f i g u r e s  f o r  th e  
s a m p le  f r o m  12 a n d  18m  ( F i g .  9. 5) a r e  n o t  the  r e s u l t  o f  p e a t  a c c u m u l a t i o n  
i n  th e  s o i l  b u t  r e f l e c t  th e  p r e s e n c e  o f  c o n s i d e r a b l e  a m o u n t  s o f  w o o d  
s h a v in g s .  T h e s e  w o o d  s h a v in g s  a r e  d e r i v e d  f r o m  s a w in g  o p e r a t i o n s  b y  
th e  F o r e s t r y  C o m m i s s i o n .  T h e  v i r t u a l  a b s e n c e  o f  v e g e t a t i o n  a t  12 a n d  18m  
s u g g e s t  t h a t  th e  w o o d  s h a v in g s  a r e  h a v in g  l i t t l e  a m e l i o r a t i v e  e f f e c t  o n  
s p o i l  t o x i c i t y  a t  th e  p r e s e n t  t i m e .
B e y o n d  3 0 m  o n  th e  t r a n s e c t  l i n e  i s  th e  c o p p e r  b o g .  T h e  b o g ,  as  o u t l i n e d  
p r e v i o u s l y ,  i s  i n  a v a l l e y  f l o o r  w h i c h  s lo p e s  t o w a r d s  th e  w e s t .  D u e  to  
t h i s ,  a s  i n d i c a t e d  on  th e  r e l i e f  p r o f i l e  ( F i g .  9. 5 ) ,  w a t e r  f l o w s  
o b l i q u e l y  a c r o s s  th e  t r a n s e c t  l i n e .
B e t w e e n  3 5 a n d  6 0 m  th e  b o g  w a s  e x t r e m e l y  w e t .  I n  c e r t a i n  p la c e s  a t  the  
t i m e  o f  s a m p l i n g  i t  w a s  p o s s i b l e  to  s i n k  i n t o  th e  p e a t  t o  a d e p th  o f  a b o u t  
3 0 c m .  T h e  a r e a  f r o m  50 to  5 5 m  a t  th e  t i m e  o f  s u r v e y  w a s  c o v e r e d  b y  
s l o w l y  f l o w i n g  w a t e r  to  a d e p th  o f  a b o u t  2 c m .  A t  4 0 m  M .  v e r n a  g r e w ,  
h a l f  s u b m e r g e d ,  i n  f l o w i n g  w a t e r  a n d  th e  p h y s i c a l  c o n t r a s t  b e tw e e n  
t h i s  s i t e  a n d  a d r y  s p o i l  h e a p  m u s t  be  c o n s id e r e d  e x t r e m e .
I n  th e  35 to  6 0 m  a r e a  t h e r e  w e r e  tw o  r e g i o n s  o f  s t r o n g e r  w a t e r  m o v e m e n t :  
th e  one  a t  a r o u n d  4 5 m  w a s  th e  h e a d  o f  a s m a l l  s t r e a m  w h i l e  th e  o t h e r  
a t  a b o u t  5 5 m  w a s  j u s t  a p la c e  o f  g e n e r a l l y  i n c r e a s e d  f l o w .  T h e  w a t e r  
i n  b o t h  p la c e s  a p p e a r e d  to  be  d e r i v e d  f r o m  th e  s p o i l  h e a p s  a n d  the  
s o u t h e r n  h i l l s i d e  b u t  i t  w a s  i m p o s s i b l e  to  d i s t i n g u i s h  e x a c t  s o u r c e s .  
C e r t a i n l y ,  h o w e v e r ,  th e  w a t e r  a t  5 5 m  o r i g i n a t e d  f a r t h e r  e a s t  th a n  t h a t  
a t  3 5 m .  A t  48pa, as  F i g .  9 . 5 s h o w s ,  t h e r e  i s  a m u c h  l o w e r  c o p p e r  
c o n c e n t r a t i o n  t h a n  i n  n e a r b y  s a m p le s  a n d  i t  s e e m s  p o s s ib le  t h a t  t h i s
9RQ
i s  r e l a t e d  to  th e  p o s i t i o n  o f  th e  s i t e  b e tw e e n  th e  tw o  a r e a s  o f  w a t e r  
f l o w ,  b o th  o f  w h i c h  s e e m  to  be a s s o c i a t e d  w i t h  h ig h  l e v e l s  o f  c o p p e r .
I n  th e  5 0 m  r e g i o n  t h e r e  w a s  s o m e  o i l  p o l l u t i o n ,  a p p a r e n t l y  r e l a t e d  to  
w a t e r  m o v e m e n t  f r o m  the  r e g i o n  o f  th e  F o r e s t r y  C o m m i s s i o n  s a w in g  
s i t e .  M o s t  o f  the  m o s s e s  i n  t h i s  a r e a  a p p e a r e d  to  be d y in g  o r  d e a d  
b u t  a n  e f f e c t  o n  th e  v a s c u l a r  p la n t s  w a s  n o t  a p p a r e n t .
T h e  m a i n  r e g i o n  o f  o c c u r r e n c e  o f  th e  i n d i c a t o r  s p e c ie s  o n  T r .  2 w a s  
f r o m  35 to  6 0 m .  T h i s  a r e a  a p p e a r s  to  be d i v i s i b l e  i n t o  tw o  p a r t s ;  the  
r e g i o n  f r o m  38 to  4 6 m  i n  w h i c h  M .  v e r n a  p r e d o m i n a t e s  a n d  th e  z o n e  
w h e r e  A .  m a r i t i m a  is  m o s t  a b u n d a n t  f r o m  50 to  6 0 m .  T h e  tw o  c o v e r  
v a lu e  p e a k s  f o r  M .  v e r n a  i n  th e  38 to  4 6 m  r e g i o n  w e r e  due  to  a p i l e  o f  
s to n e s  s i m i l a r  to  t h o s e  d e s c r i b e d  f r o m  T r .  1. A r o u n d  t h i s  p i l e  o f  
s to n e s  M .  v e r n a  g r e w  i n  a b u n d a n c e  i n  th e  s t r e a m  c h a n n e ls ,  A .  m a r i t i m a  
a p p e a r s  to  be  m o r e  c o m p e t i t i v e  t h a n  M .  v e r n a  a n d  w h e n  th e  tw o  a r e  
p r e s e n t  t o g e t h e r  A .  m a r i t i m a  is  n o r m a l l y  p r e s e n t  a t  h i g h e r  c o v e r  v a lu e s .  
T h e  s i t u a t i o n  i n  th e  38 to  4 6 m  r e g i o n  is  th u s  u n u s u a l .  I t  i s  p o s s ib le  t h a t  
th e  l o w  c o v e r  v a lu e s  f o r  A .  m a r i t i m a  i n  t h i s  a r e a  a r e  r e l a t e d  to  th e  
v e r y  v /e t  n a t u r e  o f  th e  s i t e ,  th e  p e a t  b e lo w  th e  m a s s  o f  M .  v e r n a  w a s  
a b o u t  10 c m s  b e lo w  w a t e r  l e v e l .  I t  s e e m s  p o s s i b l e  t h a t  th e  r o s e t t e  
g r o w t h  f o r m  o f  A .  m a r i t i m a  m i g h t  be a d i s a d v a n ta g e  i n  s u c h  a l o c a l i t y .
I t  i s  e v id e n t  f r o m  T a b le  9. 8 t h a t  th e  p H  v a lu e s  i n  th e  m a i n  i n d i c a t o r  
p l a n t  c o m m u n i t y  o n  t h i s  t r a n s e c t  l i n e  a r e  a l i t t l e  h i g h e r  t h a n  th e  v a lu e s  
o f  a r o u n d  5. 0 w h i c h  p r e v a i l e d  in  th e  e q u i v a le n t  a r e a  o n  T r .  1.
T a b le  9. 7 p H  v a lu e s  i n  th e  39  to  6 0 m  r e g i o n  o n  D o l f r w y n o g  B o g  T r . 2
39m 48m  54m 57m 60m
pH 5 . 5  5 .7  5. 6 5. 5 5 .6
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A t  8 5 m  A .  m a r i t i m a  o c c u r r e d  w i t h o u t  M .  v e r n a . A s  i n s p e c t i o n  o f  F i g .
9. 5 s h o w s  c o p p e r  a n d  o r g a n i c  m a t t e r  l e v e l s  in  th e  s u b s t r a t e  h e r e  a r e  v e r y  
s i m i l a r  t o  c e r t a i n  o f  th o s e  i n  th e  3 9 m  to  6 0 m  r e g i o n  w h e r e  M .  v e r n a  
w a s  p r e s e n t  i n  m o s t  q u a d r a t s .  T h e  p H  a t  8 4 m  h o w e v e r  w a s  4. 3, s u b ­
s t a n t i a l l y  l o w e r  t h a n  i n  th e  39 to  6 0 m  a r e a  ( T a b le  9. 7) a n d  l o w e r  a l s o  
t h a n  i n  th e  r e g i o n  i n  w h i c h  M .  v e r n a  g r e w  on  T r .  1 ( T a b le  9. 5). T h e  
a b s e n c e  o f  M .  v e r n a  f r o m  th e  8 4 m  r e g i o n  m a y  be due  to  the  g r e a t e r  
m o b i l i t y  a n d  a v a i l a b i l i t y  o f  c o p p e r  a t  th e  l o w e r  p H .  A c c o r d i n g  to  
H a w k e s  a n d  W e b b  (1962) th e  m o b i l i t y  o f  c o p p e r  i s  h i g h  b e lo w  p H  5. 5 
a l t h o u g h  m o b i l i t y  i s  a l s o  a f f e c t e d  b y  s o r p t i o n  to  o r g a n i c  m a t t e r .  I t  m a y  
be  t h e r e f o r e  t h a t  e x c e s s i v e  t o x i c i t y  e x c lu d e s  M .  v e r n a  f r o m  t h i s  s i t e .
O n  th e  o t h e r  h a n d  a p H  o f  a r o u n d  5. 0 is  a l i m i t i n g  p H  f o r  m a n y  s p e c ie s  
due  to  t o x i c i t y  f r o m  a l u m i n i u m ,  m a n g a n e s e  a n d  h y d r o g e n  io n s  ( G r u b b ,
1969) a n d  i t  i s  p o s s i b l e  t h a t  th e  a b s e n c e  o f  M .  v e r n a  f r o m  t h i s  p a r t i c u l a r  
l o c a l i t y  i s  n o t  a n  e f f e c t  o f  c o p p e r  t o x i c i t y  a l c n f .
D o l f r w y n o g  B o g  T r .  3 ( F i g .  9. 6) r a n  a p p r o x i m a t e l y  f r o m  e a s t  to  w e s t  
t h r o u g h  th e  b o g ,  g e n e r a l l y  b e in g  s o m e  d i s t a n c e  to  th e  s o u th  o f  the  m a j o r  
s t r e a m .  A s  w a s  i n d i c a t e d  i n  th e  a c c o u n t  o f  T r .  2 th e  g e n e r a l  d r a in a g e  
d i r e c t i o n  w i t h i n  th e  b o g  i s  f r o m  s o u th  e a s t  to  n o r t h  w e s t  a n d  th e  t r a n s e c t  
c r o s s e d  th e  d r a in a g e  l i n e s  m o r e  o r  l e s s  a t  r i g h t  a n g le s ,  t h u s  a l l o w i n g  
th e  i n v e s t i g a t i o n  o f  th e  a s s o c i a t i o n  o f  th e  i n d i c a t o r  s p e c ie s  w i t h  w a t e r  
a n d  s e e p a g e  c o u r s e s .  I n s p e c t i o n  o f  th e  r e l i e f  p r o f i l e  on  F i g .  9. 6 s h o w s  
th e  e x i s t e n c e  o f  a n u m b e r  o f  s e e p a g e s  a n d  a l s o  d r a i n  l i n e s ,  d r a i n s  a n d  
s t r e a m s .  T h e  s t r e a m s  w e r e  c l e a r l y  i n c i s e d  c h a n n e ls  o c c u p ie d  a t  th e  
t i m e  o f  s u r v e y  b y  f l o w i n g  w a t e r  w h i l e  th e  d r a i n s  a r e  w a t e r  c o u r s e s  
e x c a v a t e d  b y  m a n .  T h e  l a t t e r  a r e  q u i t e  d e e p  t r e n c h e s ,  a b o u t  1 5 0 c m  in  
d e p th .  S e e p a g e s  a r e  r e g i o n s  w h e r e  w a t e r  c l e a r l y  f l o w s  a t  t i m e s  b u t  
t h e y  d id  n o t  c o n t a in  f l o w i n g  w a t e r  a t  th e  t i m e  o f  th e  s u r v e y .  T h e  s e e p a g e s  
w e r e  s o m e t im e  s v e r y  w e t  a n d  o f t e n  o c c u p ie d  a p o o r l y  d e f in e d  d e p r e s s i o n .  
T h e  d r a i n  l i n e s  w e r e  r a t h e r  m o r e  d e f i n e d  th a n  s e e p a g e s  a n d  s h o w e d  
s o m e  w a t e r  f l o w  b u t  w e r e  w i t h o u t  a w e l l  d e f in e d  c h a n n e l .
GEOBOTANY
25 uerastium  vuigatum
Drosera roturtd ilo lia
3S| ^ t an tilla  erecta  
75, Litrum catharticurri
251
Sp/iagnumlspp.
Rurrtex acetosa
25|^  Succisa praiensis
Pedicularis sylvatica
75] Picea siichensis
L
2s, Pinus seedlings
25| Belule  seedlings
25| Ulex g a ll ii
75, Vaccinium m yrtillus
75 Erica cinerea
E rica fa fra//x(dead) J
^  75 Erica le lra lix ... .1 .-I J
^  75. C alluna vulgaris (dead)
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75 Calluna vulgaris
O 25, Carex echinala
Eriophorum vaginatum
Juncus effusus
m 25, Antnoxanthum odoratum
d. 25, OescAamps/a Maaupsa
75 Agrostis tenuis
■ IÉ ■.! I- I . I. _ j.-iili.llli  I J. -ill- J - 1-■■I ■ ^
Holcus lanatus
111 ll 11 i-L J. i,
Arm aria marflima
50, m inuartia verna
SO, Silenm maritima
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Cu, ashed soil digested in 
BN N itric acid
Cu, so il d igested in 
BN N itric acid
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A s  o n  th e  o t h e r  t r a n s e c t s  o n  D o l f r w y n o g  B o g  T r .  3 A .  m a r i t i m a  w a s  
m o r e  w i d e l y  d i s t r i b u t e d  a n d  a l s o  g e n e r a l l y  p r e s e n t  a t  h i g h e r  c o v e r  v a lu e s  
th a n  M .  v e r n a . S i le n e  m a r i t i m a , i n f r e q u e n t  i n  th e  b o g ,  o c c u r r e d  in  
t h r e e  p la c e s  o n  T r .  3.
F i g .  9 . 6  d e m o n s t r a t e s  t h a t  th e  i n d i c a t o r  s p e c ie s  A .  m a r i t i m a  and  M .  v c r n a  
a r e  c l o s e l y  a s s o c i a t e d  w i t h  th e  r e g i o n s  o f  w a t e r  f l o w  a n d  i t  i s  a p p a r e n t  
t h a t  a t  c e r t a i n  o f  th e s e  p la c e s  c o p p e r  c o n c e n t r a t i o n s  a r e  h i g h e r  t h a n  in  
n e a r b y  s a m p le s .  T h i s  i s  th e  c a s e  a t  th e  s t r e a m  a t  10m  a n d  a g a in  i n  the  
r e g i o n  o f  th e  s e e p a g e s  a t  2 0 m .  N o t  e v e r y  s e e p a g e  h o w e v e r  s h o w s  h ig h  
c o p p e r  c o n c e n t r a t i o n s ,  f o r  e x a m p le  the  s e e p a g e  a t  7 5 m  h a s  a s o i l  c o p p e r  
l e v e l  s i m i l a r  t o  th o s e  o f  a d ja c e n t  s a m p le s .  W h i le  c o p p e r  c o n c e n t r a t i o n s  
i n  c e r t a i n  o f  th e  r e g io n s  o f  w a t e r  f l o w  a r e  h i g h e r  th a n  e l s e w h e r e  i t  i s  
c l e a r  t h a t  t h e r e  a r e  s t i l l  h i g h  c o p p e r  l e v e l s  i n  th e  s u b s t r a t e s  b e tw e e n  
th e s e  p l a c e s ,  t h i s  i s  th e  c a s e  i n  th e  r e g i o n  b e tw e e n  40 a n d  7 0 m ,
M e h r t e n s  e t  a l  (1972) p o in t e d  o u t  t h a t  c o p p e r  r i c h  w a t e r s  e m e r g e d  w i t h i n  
th e  b o g  a f t e r  h a v in g  p a s s e d  t h r o u g h  m i n e r a l i s e d  g r o u n d  s o m e  d is t a n c e  
to  th e  e a s t  a n d  t h a t  t h i s  r e s u l t e d  i n  th e  i m p r e g n a t i o n  o f  th e  p e a t  b y  
c o p p e r .  P r e s u m a b l y  t h e s e  c o p p e r  b e a r i n g  w a t e r s  a r e  r e s p o n s i b l e  f o r  
th e  c o p p e r  i n  th e  m a n y  s a m p le s  f r o m  th e  b o g  w i t h  c o p p e r  c o n c e n t r a t i o n s  
b e l o w  10, 000  p p m .  I t  s e e m s  p r o b a b le  t h a t  the  h i g h  c o p p e r  c o n c e n t r a t i o n s  
i n  c e r t a i n  s e e p a g e s  a r e  d e r i v e d  f r o m  s o u r c e s  n e a r e r  to  th e  b o g  i t s e l f ,  
p e r h a p s  f r o m  th e  m i n e r a l i s e d  a r e a s  o n  th e  s o u t h e r n  h i l l s i d e  w h i c h  w e r e  
i n v e s t i g a t e d  b y  T r .  5. C o p p e r  d e p o s i t e d  f r o m  w a t e r  d e r i v e d  f r o m  s u c h  
s o u r c e s  m a y  be s u p e r im p o s e d  u p o n  th e  g e n e r a l  b a c k g r o u n d  l e v e l  
p r e v a i l i n g  i n  th e  b o g  p r o d u c in g  p la c e s  o n  c e r t a i n  s e e p a g e s  w i t h  c o n ­
c e n t r a t i o n s  o f  c o p p e r  i n  e x c e s s  o f  10, 000  p p m .  I t  s e e m s  p r o b a b le  t h a t  
c e r t a i n  s e e p a g e s  w i l l  d r a i n  the  c o p p e r  r i c h  a r e a s  o n  th e  s o u t h e r n  
s lo p e s  a n d  o t h e r s  w i l l  n o t  a n d  t h i s  m a y  a c c o u n t  f o r  the  h ig h  d e g r e e  o f  
m i n e r a l i s a t i o n  o f  c e r t a i n  s e e p a g e s  a n d  n o t  o t h e r s .  T h i s  i s  n o t  to  
s u g g e s t  t h a t  a l l  th e  s e e p a g e s  o n  th e  t r a n s e c t  l i n e  h a v e  t h e i r  o r i g i n  o n
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th e  s o u t h e r n  h i l l s i d e ,  s o m e  do  n o t  a n d  a p p e a r  to  o r i g i n a t e  w i t h i n  th e  
b o g  i t s e l f .  T h e  s i t u a t i o n  i s  c o m p l e x  due  to  th e  d i f f i c u l t y  o f  t r a c i n g  th e  
s e e p a g e s  to  t h e i r  s o u r c e s ,  t h i s  w a s  d i s c u s s e d  i n  r e l a t i o n  to  T r .  2 
w h e r e  i t  w a s  o b s e r v e d  t h a t  i t  w a s  i m p o s s i b l e  to  i d e n t i f y  th e  p la c e s  o f  
o r i g i n  o f  the  c o p p e r  r i c h  w a t e r s  o n  t h a t  t r a n s e c t  l i n e .
A  m a j o r  c o m m u n i t y  o f  th e  i n d i c a t o r  s p e c ie s  o n  the  t r a n s e c t  l i n e  i s  t h a t  
i n  th e  40 to  6 0 m  r e g i o n .  T h e  s a m p le s  f r o m  40 to  5 0 m  s h o w  m o d e r a t e  
l e v e l s  o f  c o p p e r  b u t  l o w  a m o u n t s  o f  o r g a n i c  m a t t e r ,  i n  c o n s e q u e n c e  
th e  s o i l s  h e r e  a r e  r e l a t i v e l y  t o x i c .  T a b le  9. 8 s h o w s  th e  C u / O M  r a t i o s  
o f  t h e s e  a n d  i m m e d i a t e l y  a d ja c e n t  s a m p le s .
T a b le  9. 8 T h e  C u / O M  r a t i o s  o f  s o i l  f r o m  th e  35 to  6 0 m  r e g i o n  o n  
D o l f r w y n o g  B o g  T r .  3
3 5 m  4 0 m  4 5 m  5 0 m  5 5 m  6 0 m
C u / O M  104 2 4 9  323  3 6 5  2 0 6  121
I t  i s  a p p a r e n t  t h a t  th e  p r e s e n c e  o f  M .  v e r n a  i n  th e  45 to  5 0 m  r e g i o n  is  
a s s o c i a t e d  w i t h  s u b s t r a t e s  o f  h i g h  C u / O M  r a t i o s  ( T a b le  9 . 8) e v e n  th o u g h  
c o p p e r  c o n c e n t r a t i o n s  i n  t h i s  a r e a  a r e  no  h i g h e r  t h a n  i n  a d ja c e n t  
s a m p le s  ( F i g .  9 . 6 ) .  T h e  s i t u a t i o n  i n  t h i s  r e g i o n  i s ,  h o w e v e r ,  s o m e ­
w h a t  c o n f u s e d  due to  d i s t u r b a n c e  r e l a t e d  to  a n e a r b y  d r i l l h o l e .  T h u s  
th e  o c c u r r e n c e  o f  M .  v e r n a  a n d  A .  m a r i t i m a  i n  th e  40 to  6 0 m  r e g i o n  
i s  p r o b a b l y  r e l a t e d  to  a  c o m b i n a t i o n  o f  h i g h  t o x i c i t y  a n d  s o m e  d i s ­
t u r b a n c e .  I t  i s  e v id e n t  f r o m  F i g .  9. 6 t h a t  i n  th e  40 to  6 0 m  E r i o p h o r u m  
v a g i n a t u m  s h o w s  h ig h  c o v e r  v a lu e s  w h i l e  M o l i n i a  c a e r u l e a  is  p r e s e n t  
a t  o n l y  l o w  v a l u e s .  I t  a p p e a r s  to  be  th e  c a s e  t h a t  M .  c a e r u l e a  is  m o r e  
a f f e c t e d  b y  t o x i c i t y  t h a n  E .  v a g i n a t u m  a n d  t h a t  th e  l a t t e r  s p e c ie s ,  l i k e  
th e  i n d i c a t o r s ,  g r e a t l y  b e n e f i t s  f r o m  th e  r e d u c t i o n  i n  c o m p e t i t i o n .
A t  a r o u n d  1 0 5 m  a l l  t h r e e  i n d i c a t o r  s p e c ie s  o c c u r  t o g e t h e r  o n  th e  r o a d .  
T a b le  9 . 9 s h o w s  a n u m b e r  o f  a n a ly s e s  o f  r o a d  m a t e r i a l  a n d  th e s e  a r e  
v e r y  s i m i l a r  to  t h o s e  o f  th e  s p o i l  f r o m  th e  s p o i l  h e a p  o f  T r .  2 ( T a b le
9 . 6 ). I t  a p p e a r s  t h a t  th e  r o a d  h a s  b e e n  c o n s t r u c t e d  f r o m  s p o i l  f r o m  
t h a t  s o u r c e .
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T a b le  9. 9 C a l c i u m ,  s o d iu m ,  p o t a s s i u m ,  m a g n e s iu m ,  p h o s p h o r o u s  a n d  pH  
d e t e r m i n a t i o n s  f r o m  th e  r o a d  a t  106 m  on  D o l f r w y n o g  B o g  T r .  3
C a l c i u m  S o d iu m  P o t a s s i u m  M a g n e s iu m  P h o s p h o r o u s  p H
I p P-IP). (P P W  ■ I e PPL!  ( p p m )  ... ( p p m )________  ___
3 , 7 5 0  210 ■ 1 ,3 0 0  8 ,9 0 0  1 ,2 0 0  6 .1
I n  c o n t r a s t  to  th e  s p o i l  h e a p  o f  T r .  2 th e  r o a d  o n  T r .  3 s h o w e d  c o n ­
s i d e r a b l e  s p e c ie s  d i v e r s i t y .  I n  th e  tw o  q u a d r a t s  f r o m  104 to  1 0 6 m  on 
T r .  3 e le v e n  s p e c ie s ,  e x c l u d i n g  m o s s e s  a n d  l i c h e n s ,  w e r e  p r e s e n t  w h i l e  
i n  th e  tw o  q u a d r a t s  f r o m  5 to  7 m  o n  T r .  2 , th e  q u a d r a t s  a d j o i n i n g  th e  
s a m p le d  p o in t ,  o n l y  f i v e  s p e c ie s  w e r e  r e c o r d e d .  T h e  s p o i l s  o f  the  r o a d  
a n d  o f  th e  h e a p  a r e  v e r y  s i m i l a r  i n  c o p p e r  c o n c e n t r a t i o n  a n d  o r i g i n  b u t  
a p p e a r  d i f f e r e n t  i n  th e  n a t u r e  o f  th e  o p p o r t u n i t i e s  w h i c h  t h e y  o f f e r  f o r  
c o l o n i z i n g  s p e c ie s .  T h e  m a j o r  d i f f e r e n c e  b e tw e e n  th e  tw o  s i t e s  s e e m s  
to  be t h a t  th e  r o a d  r e c e i v e s  w a t e r  f r o m  th e  b o g  a n d  i s  p r o b a b l y  l e s s  
s u s c e p t i b l e  to  d r o u g h t .  I t  a p p e a r s  t h a t  t h i s  h a s  r e s u l t e d  i n  m o r e  r a p i d  
c o l o n i z a t i o n  a n d  s u c c e s s i o n  i n  t h i s  l o c a l i t y .
I n  th e  a r e a  f r o m  1 0 0 m  to  2 0 0 m  t h e r e  h a s  b e e n  c o n s i d e r a b l e  d i s t u r b a n c e  
m a i n l y  r e l a t e d  to  d r a in a g e  o p e r a t i o n s .  T h e s e  d e e p  d r a i n s  a p p e a r  to  
h a v e  th e  e f f e c t  o f  c o n d u c t in g  th e  c o p p e r  r i c h  w a t e r s  f r o m  th e  b o g  m o r e  
r a p i d l y  a n d  m a y  w e l l  be  a d e v e lo p m e n t  i n  th e  a r e a  d e t r i m e n t a l  to  the  
lo n g  t e r m  s t a b i l i t y  o f  th e  i n d i c a t o r  s p e c ie s  c o m m u n i t i e s .  I n  a f e w  
p la c e s  i n  th e  1 8 0 m  r e g i o n  t r e e s  a p p e a r e d  to  be e s t a b l i s h i n g  t h e m s e l v e s  
( F i g .  9 . 6 ) .  T h i s  m a y  be  r e l a t e d  t o  a g e n e r a l  d r y i n g  o u t  o f  t h i s  a r e a  
o f  th e  b o g .
A t  2 5 5 m  a n d  2 8 5 m  th e  t r a n s e c t  l i n e  c r o s s e d  the  m a j o r  s t r e a m  w h i c h  
d r a i n s  th e  b o g .  T h e  i n d i c a t o r  s p e c ie s  w e r e  p r e s e n t  i n  r a t h e r  u n s ta b le  
a l l u v i u m  o n  b o th  s id e s  o f  th e  s t r e a m .  T h e  c o p p e r  c o n c e n t r a t i o n  in  
th e  a l l u v i u m  a t  2 5 5 m  i s  n o t  p a r t i c u l a r l y  h ig h  b u t  o r g a n i c  m a t t e r  l e v e l s  
a r e  l o w  a l s o  a n d  th e  t o x i c i t y  o f  th e  s u b s t r a t e ,  c o m b in e d  w i t h  i t s  
i n s t a b i l i t y ,  s e e m s  s u f f i c i e n t  to  p r o v i d e  a h a b i t a t  f o r  th e  i n d i c a t o r  
s p e c ie s .
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9 . 4________ O b s e r v a t i o n s  on  the  i n d i c a t o r  s p e c ie s  a n d  m e t a l l i f e r o u s  h a b i t a t s
o f  th e  D o l f r w y n o g  r e g io n
T h e  D o l f r w y n o g  r e g i o n  c o n t a in s  a v a r i e t y  o f  h a b i t a t s  f o r  the  i n d i c a t o r  
s p e c ie s  r a n g i n g  f r o m  s p o i l  h e a p s  a n d  a p p a r e n t l y  u n d i s t u r b e d  v e i n  
m i n e r a l i s a t i o n s  to  th e  c o p p e r  r i c h  p e a t  b o g .  T h e  c o p p e r  b o g  h a s  b e e n  
g r e a t l y  a f f e c t e d  b y  p e a t  c u t t i n g ,  m i n i n g  a c t i v i t y  a n d  d i s t u r b a n c e  
a s s o c i a t e d  w i t h  th e  d r a in a g e  o p e r a t i o n s  o f  th e  F o r e s t r y  C o m m i s s i o n  b u t  
n e v e r t h e l e s s  r e m a i n s  a v e r y  i n t e r e s t i n g  l o c a l i t y  f o r  th e  i n d i c a t o r  
s p e c ie  s . N o  s i t e  l i k e  t h i s  a p p e a r s  to  e x i s t  a n y w h e r e  e ls e  i n  th e  B r i t i s h  
I s l e s  a n d  th e  c o p p e r  b o g  i s  a u n iq u e  h a b i t a t  f o r  th e  i n d i c a t o r  s p e c i e s .
W i t h i n  th e  D o l f r w y n o g  d i s t r i c t  A .  m a r i t i m a  i s  th e  m o s t  w id e s p r e a d  o f  
th e  i n d i c a t o r  s p e c ie s  a n d  o c c u r s  a t  m o s t  o f  th e  m i n e r a l i s e d  s i t e s .
W i t h i n  the  b o g  i t s e l f  A *  m a r i t i m a  is  th e  m o s t  g e n e r a l l y  o c c u r r i n g  o f  the  
i n d i c a t o r  s p e c ie s ,  a r e f l e c t i o n  o f  i t s  g r e a t e r  c o m p e t i t i v e  a b i l i t y .
M .  v e r n a  o n  th e  o t h e r  h a n d  a p p e a r s  t o  be r e s t r i c t e d  to  r a t h e r  m o r e  t o x i c  
s o i l s  t h a n  th o s e  o f  m a n y  o f  th e  s i t e s  i n  w h i c h  A .  m a r i t i m a  o c c u r s  b u t  
t h e r e  i s  a l s o  s o m e  e v id e n c e  t h a t  th e  s p e c ie s  is  a f f e c t e d  b y  e x c e s s i v e  
t o x i c i t y  i n  c e r t a i n  p la c e s .  T h i s  a p p e a r e d  to  be th e  c a s e  on  T r .  5 w h e r e  
M .  v e r n a  w a s  a b s e n t  f r o m  s u b s t r a t e s  w i t h  C u / O M  r a t i o s  g r e a t e r  th a n  
312, G iv e n  th e  a b s e n c e  o f  M .  v e r n a  f r o m  s o i l s  w i t h  h ig h  C u / O M  r a t i o s  
o n  T r .  5 i t  i s  i n t e r e s t i n g  to  n o t i c e  t h a t  o n  T r .  1 M .  v e r n a  g r e w  i n  s o i l  
w i t h  a C u / O M  r a t i o  o f  399 . I t  a p p e a r s  t h a t  a h i g h  C u / O M  r a t i o  o n  
T r .  5 r e f l e c t s  m o r e  t o x i c i t y  t h a n  a h ig h  one i n  th e  b o g .
A  f e a t u r e  o f  th e  o c c u r r e n c e  o f  M .  v e r n a  i n  th e  D o l f r w y n o g  a r e a  i s  i t s  
g r o w t h  o n  s u b s t r a t e s  w i t h  p H  v a lu e s  as  l o w  as  4 . 8. T h i s  a p p e a r s  to  
be  due to  th e  c o n s i d e r a b l e  o r g a n i c  m a t t e r  l e v e l s  i n  m a n y  o f  th e s e  s o i l s  
w h i c h  h a v e  th e  e f f e c t  o f  r e d u c in g  th e  a v a i l a b i l i t y  o f  the  c o p p e r .  I t  i s  
a p p a r e n t  t h a t  th e  s p o i l s  i n  th e  a r e a  u p o n  w h i c h  M .  v e r n a  g r o w s  s h o w  
p H  v a lu e s ,  u n le s s  t h e r e  i s  s o m e  o r g a n i c  m a t t e r  a c c u m u l a t i o n ,  o f  j u s t  
a b o v e  7. 0, th e  n o r m a l  p H  o f  s p o i l s  o n  w h i c h  th e  s p e c ie s  o c c u r s .
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S i le n e  m a r i t i m a  is  n o t  a b u n d a n t  w i t h i n  th e  b o g .  T r .  3 i n d i c a t e d  th a t  the  
s p e c ie s  o c c u r r e d  o n  s u b s t r a t e s  w i t h  c o p p e r  c o n c e n t r a t i o n s  s i m i l a r  to  
th o s e  f o u n d  i n  o t h e r  p la c e s  w h e r e  th e  p l a n t  w a s  n o t  p r e s e n t .  I t  m a y  be 
th e  c a s e  t h a t  S. m a r i t i m a  is  a b s e n t  f r o m  m a n y  a r e a s  i n  th e  b o g  due to  
a n  i n a b i l i t y  to  g r o w  i n  w e t  c o n d i t i o n s ,  th e  s i t e s  w h e r e  i t  o c c u r r e d  on  
T r ,  3 w e r e  r e l a t i v e l y  d r y  a s  w e r e  a l s o  th e  o t h e r  s i t e s  i n  th e  D o l f r w y n o g  
d i s t r i c t  ( F i g .  9. 1). O n  th e  o t h e r  h a n d  th e  s p e c ie s  i s  a l s o  a b s e n t  f r o m  
th e  h i l l s i d e  a n o m a l i e s  o f  T r .  5 a n d  m a n y  a r e a s  o f  s p o i l  m a t e r i a l ,  i t  
w a s  n o t  f o r  e x a m p le  p r e s e n t  o n  th e  s p o i l  i n  th e  f i r s t  3 0 m  o f  T r .  2 n o r  
o n  th e  s p o i l  a t  S i t e s  1 a n d  9. S. m a r i t i m a  h a s  b e e n  s e e n  to  g r o w  o n  
s p o i l  i n  t h e  M e n d ip s  a n d  i t  i s  d i f f i c u l t  t o  see  w h y  th e  s p e c ie s  s h o u ld  
be  a b s e n t  f r o m  m u c h  o f  th e  s p o i l  a t  D o l f r w y n o g .  A g a i n  i n  th e  M e n d ip s  
th e  s p e c ie s  g r e w  o n  th e  s la g  a t  C h a r t e r h o u s e  w h ic h ,  w i t h  s u b s t a n t i a l  
l e a d  c o n c e n t r a t i o n s  a n d  a p H  o f  5. 5, a p p e a r e d  to  be  to o  t o x i c  f o r  
M .  v e r n a  a n d  M .  v e r n a  g r o w s  i n  m a n y  p la c e s  a t  D o l f r w y n o g  w h e r e  
S. m a r i t i m a  is  a b s e n t .  I t  m a y  be th e  c a s e  t h a t  S. m a r i t i m a  is  r a t h e r  
l e s s  r e s i s t a n t  to  c o p p e r  t o x i c i t y  t h a n  i t  i s  to  le a d  t o x i c i t y .  T h i s  m i g h t  
a c c o u n t  f o r  th e  a b s e n c e  o f  th e  s p e c ie s  f r o m  m o s t  o f  the  s p o i l  h e a p s  a n d  
a l s o  th e  T r .  5 r e g i o n  a t  D o l f r w y n o g .
A t E l l e r  B e c k  a n d  a t  M a l h a m  h e a v y  m e t a l  r é f u g i a  f o r  the i n d i c a t o r  
s p e c i e s  h a v e  b e e n  i d e n t i f i e d .  The  c o p p e r  r i c h  bog  a n d  a d j a c e n t  
h a b i t a t s  a t  D o l f r w y n o g  s e e m  to  be a n o t h e r  ty pe  o f  h e a v y  m e t a l  
r e f u g i u m .  E r n s t  (1969) h a s  d e m o n s t r a t e d  by  p o l l e n  a n a l y s i s  t h a t  the 
i n d i c a t o r  p l a n t s  h a v e  b e e n  p r e s e n t  in  the  a r e a  s i n c e  the T w e l f t h  C e n t u r y  
a n d  i t  a p p e a r s  p r o b a b l e  t h a t  t h e y  h a v e  l i v e d  t h e r e  f o r  m u c h  l o n g e r .  A t  
th e  p r e s e n t  d a y  t r e e s  do n o t  o c c u r  on  the  v e i n s  on the  h i l l s i d e  to the 
s o u t h  of the  bog  n o r  in  m o s t  a r e a s  of  the bog  i t s e l f  a n d  i t  s e e m s  p r o b a b l e  
t h a t  t o x i c i t y  w o u ld  h a v e  p r e v e n t e d  t h e m  f r o m  e s t a b l i s h i n g  t h e m s e l v e s  
in  the  c o p p e r  r i c h  a r e a s  in  the  p a s t .  E r n s t  (1969) o b s e r v e d  th a t  p r i o r  
to  p e a t  c u t t i n g  o p e r a t i o n s  a t  D o l f r w y n o g  the  i n d i c a t o r  s p e c i e s  w e r e  m o r e  
a b u n d a n t  in  the  bog a r e a ,  i t  s e e m s  c l e a r  t h a t  a l t h o u g h  s t i l l  a  h ig h ly  
i n t e r e s t i n g  m e t a l l i f e r o u s  l o c a l i t y  the  D o l f r w y n o g  c o p p e r  r i c h  p e a t  bog  
o f  the  p r e s e n t  d a y  i s  on ly  a s h a d o w  of  i t s  f o r m e r  s e l f .
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CHAPTER 10
T H E  I N D I C A T O R  P L A N T S  E L S E W H E R E  IN  E N G L A N D  A N D  W A L E S
10. 1_______ I n t r o d u c t i o n
I n  a d d i t i o n  to  th e  l o c a l i t i e s  a l r e a d y  d e s c r i b e d  th e  i n d i c a t o r  s p e c ie s  o c c u r  
i n  o t h e r  p la c e s  in  E n g la n d  a n d  W a le s .  In  C o r n w a l l  A r m e r i a  m a r i t i m a  
i s  p r e s e n t  o n  c o p p e r  r i c h  m i n i n g  s p o i l  a n d  i n  W a le s  T h l a s p i  a l p e s t r e  
g r o w s  in  a l l u v i u m  c o n t a in in g  le a d  a n d  z in c  i n  th e  v a l l e y  o f  the  Afc) n  
Y s t w y t h  n e a r  A b e r y s t w y t h  a n d  o n  s p o i l  f r o m  m in e s  i n  t h e L l a n r w s t  
d i s t r i c t .  M i n u a r t i a  v e r n a  o c c u r s  o n  s p o i l  a t  H a  I k  y  n  M o u n t a in  i n  N o r t h  
W a le s ,  a n d  n e a r  G a r r i g i l l  i n  th e  N o r t h e r n  P a n n in e s  T .  a l p e s t r e ,
M .  v e r n a  a n d  A .  m a r i t i m a  g r o w  i n  a s s o c i a t i o n  on  a f e w  s p o i l  h e a p s .  
T h e s e  s i t e s  h a v e  b e e n  v i s i t e d  a n d  w i l l  n o w  be d e s c r i b e d .
10. 2_______ C o r n w a l l
T h e  s o u th  w e s t  p e n in s u la  o f  w h i c h  C o r n w a l l  i s  a p a r t  i s  m a i n l y  c o m ­
p o s e d  o f  n o n  c a l c a r e o u s  D e v o n ia n  a n d  C a r b o n i f e r o u s  s e d im e n t s  w h i c h  
h a v e  b e e n  i n t e n s e l y  f o l d e d .  T h e s e  a r e  g e n e r a l l y  k n o w n  as  th e  k i l l a s .
I n  p la c e s  w i t h i n  th e  s e d im e n t s  a n d  m o r e  o r  l e s s  c o n te m p o r a n e o u s  
w i t h  t h e m  a r e  l a y e r s  o f  b a s i c  a n d  u l t r a  b a s i c  i n t r u s i v e  a n d  e x t r u s i v e  
r o c k s  k n o w n  c o l l e c t i v e l y  as  g r e e n s t o n e s .  D u r i n g  th e  A r m o r i c a n  
o r o g e n y  i n  P e r m o - C a r b o n i f e r o u s  t i m e s  a g r a n i t e  b a t h o l i t h  w a s  
i n t r u d e d  in t o  th e  s e d im e n t s .  L a r g e  s c a le  m e t a m o r p h i s m  a n d  
m i n c r a ï s a t i o n  a c c o m p a n ie d  t h i s  i n t r u s i o n  ( H o s k in g ,  1964).
T h e  g r a n i t e  a p p e a r s  to  h a v e  b e e n  g r a d u a l l y  l a i d  b a r e  d u r i n g  the  
M e s o z o i c  p e r i o d .  D u r i n g  th e  T e r t i a r y  e p is o d e s  o f  p l a n a t i o n  f o l l o w e d  
b y  u p l i f t  o c c u r r e d  a n d  th e  a r e a  t o d a y  i s  one o f  deep, V  s h a p e d  v a l l e y s  
a l t e r n a t i n g  w i t h  f l a t  t o p p e d  i n t e r f l u v e s ,  the  i n t e r f l u v e s  r i s i n g  i n  a s te p  
l i k e  m a n n e r  i n l a n d  f r o m  th e  c o a s t  ( B a l c h in ,  1964 ). S ta n d in g  a o o v e  
th e  p l a n a t i o n  s u r f a c e s  a r e  the  m o r e  r e s i s t a n t  g r a n i t e  m a s s e s ,  
a t t a i n i n g  h e ig h t s  o f  i n  e x c e s s  o f  7 5 0 m .
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T h e  g e n e r a l  c o n s e n s u s  o f  o p in io n  i s  t h a t  th e  s o u th  w e s t  p e n in s u la  w a s  
n o t  g l a c i a t e d  d u r i n g  th e  P le i s t o c e n e  p e r i o d .  T h e  a r e a  w a s ,  h o w e v e r ,  
s u b je c t e d  to  s e v e r a l  e p is o d e s  o f  p e r i g l a c i a l  c o n d i t i o n s  a n d  h e a d ,  
th e  p r o d u c t  o f  p e r i g l a c i a l  f r o s t  s h a t t e r i n g  t r a n s p o r t e d  b y  s o l i f l u c t i o n ,  
m a n t l e s  m a n y  o f  th e  s lo p e s ,  e s p e c i a l l y  o n  th e  g r a n i t e s ,  a t  the  p r e s e n t  
d a y .
T h e  c l i m a t e  o f  C o r n w a l l  i s  one o f  h i g h  r a i n f a l l ,  m i l d  w i n t e r s  a n d  s t r o n g  
w in d s .  M o s t  a r e a s ,  a n d  t h i s  i s  t r u e  o f  th e  C a m b o r n e - R e d r u t h  d i s t r i c t  
u n d e r  c o n s i d e r a t i o n  h e r e ,  e x p e r i e n c e  a m e a n  a n n u a l  r a i n f a l l  o f  a r o u n d  
1 0 0 0 m m .  M e a n  t e m p e r a t u r e s  a t  a n  a l t i t u d e  o f  a r o u n d  1 2 0 m , th e  
a l t i t u d e  o f  the  C a m b o r n e - R e d r u t h  o r e f i e l d ,  a r e  i n  th e  r e g i o n  o f  
J a n u a r y ,  7 ° C  a n d  J u l y  16°C  (b a s e d  o n  d a ta  f o r  P e n z a n c e ) .
C l a y d e n  (1964) h a s  s t a t e d  t h a t  i n h e r e n t l y  a c id ,  w e l l  d r a i n e d  s o i l s  o f  th e  
b r o w n  e a r t h  t y p e  o c c u p y  m u c h  o f  th e  c o u n t y  o f  C o r n w a l l .  T h e  b r o w n  
e a r t h s  o f  the  g r a n i t e  o u t c r o p s ,  g e n e r a l l y  d e v e lo p e d  i n  h e a d ,  s h o w  a p H  
t h r o u g h o u t  th e  p r o f i l e  o f  a r o u n d  4. 5. T h e s e  s o i l s  a r e  n o r m a l l y  t h i n ,  
a r o u n d  6 0 c m  i n  d e p th .
A c i d i c  g r a s s l a n d  w i t h  F e s t u c a  a n d  A g r o s t i s  s p e c ie s  o r  a h e a h la n d  
i n v o l v i n g  C a l l u n a  v u l g a r i s  i s  n o r m a l  o v e r  th e  g r a n i t e  o u t c r o p  a n d  a d ­
j o i n i n g  m e t a m o r p h i c  a u r e o l e .  P t e r i d i u m  a q u i l i n u m  is  a b u n d a n t  i n  
p la c e s .  U l e x  e u r o p a e u s  a n d  C a l l u n a  v u l g a r i s  a r e  i m p o r t a n t  s p e c ie s  
on  th e  w a s te  g r o u n d  l e f t  b y  m i n i n g  o p e r a t i o n s  i n  th e  o r e f i e l d .
T h e  m i n e r a l i s a t i o n s  o f  th e  o r e f i e l d s  o f  C o r n w a l l  a r e  g e n e r a l l y  b e l i e v e d  
to  b e  o f  A r m o r i c a n  a g e .  H o s k in g  (1964) s u g g e s ts  t h a t  a n y  s u b s e q u e n t  
m i n e r a l i s a t i o n ,  m a i n l y  r e l a t e d  to  th e  A l p i n e  o r o g e n y ,  i s  e s s e n t i a l l y  
due  t o  r e d i s t r i b u t i o n  o f  o r e  m i n e r a l s  o f  A r m o r i c a n  a g e .  O r e s  o f  
c o p p e r  a n d  t i n  a r e  th e  m o s t  i m p o r t a n t  i n  th e  C a m b o r n e - R e d r u t h  
o r e f i e l d  a n d  q u a r t z  i s  th e  p r e d o m i n a n t  g a n g u e  a l t h o u g h  c a l c i t e ,  
b a r y t e s  a n d  f l u o r s p a r  o c c u r  i n  p la c e s .
T i n  m i n i n g  i n  C o r n w a l l  h a s  a lo n g  h i s t o r y  b u t  n o t  u n t i l  the  E ig h t e e n t h  
C e n t u r y  w e r e  the  c o p p e r  d e p o s i t s  w o r k e d  to  a n y  c o n s id e r a b le  e x t e n t  
( B a r t o n ,  1968). I n  th e  e a r l y  p a r t  o f  the  N in e t e e n t h  C e n t u r y  m o r e  
t h a n  h a l f  th e  w o r l d ' s  p r o d u c t i o n  o f  c o p p e r  c a m e  f r o m  D e v o n  a n d  C o r n w a l l ,  
m u c h  o f  i t  f r o m  th e  C a m b o r n e - R e d r u t h  d i s t r i c t .  A s  w i t h  le a d  i n  the  
l a t t e r  p a r t  o f  th e  c e n t u r y  l a r g e  d e p o s i t s  w e r e  d i s c o v e r e d  e l s e w h e r e  
a n d  th e  i n d u s t r y  d e c l i n e d  r a p i d l y .
T h e  t o x i c i t y  o f  th e  s p o i l  h e a p s  o f  th e  o r e f i e l d  i s  m a i n l y  the  r e s u l t  o f  
h i g h  c o p p e r  c o n c e n t r a t i o n s  a n d  A r m e r i a  m a r i t i m a  g r o w s  in  p la c e s  o n  
th e  w a s te  d u m p s .
T a b le  10. 1 H e a v y  m e t a l ,  c a l c i u m  a n d  p H  d e t e r m i n a t i o n s  f r o m  P ie c e  T r .  1
S a m p le C o p p e r L e a d Z in c C a l c i u m p H
p o i n t (p p n i ) (PP™) (P P H j. (P P I^ )  _ ——
Om 1, 470 20 80 5, 750 6. 5
2 m 2, 180 30 88 4, 850 n d
4 m 2 , 550 30 109 8, 700 7. 5
6 m 2, 900 30 100 7 , 950 n d
8 m 1, 070 10 65 6, 000 6. 6
10m 3, 000 30 94 5 ,2 5 0 n d
12m 4, 100 41 118 6, 500 7. 4
14m 2, 500 62 109 5 ,7 5 0 n d
O n  P ie c e  T r .  1 n e a r  C a m b o r n e  in  C o r n w a l l  A .  m a r i t i m a  g r e w  on  s p o i l  
w i t h  s p e c ie s  s u c h  a s  F e s t u c a  o v in a ,  R u m e x  a c e to s a ,  L o t u s  c o r n i c u l a t u s , 
A c h i l l e a  m i l l e f o l i u m  L .  , a n d  C a l l u n a  v u l g a r i s .  A s  T a b le  10. 1 d e m o n ­
s t r a t e s  c o p p e r  is  th e  i m p o r t a n t  h e a v y  m e t a l  o f  th e  s p o i l ,  th e  p H  o f  
w h i c h  w a s  b e t w e e n  6. 5 a n d  7 . 5
P a r t i c l e  s iz e  a n a l y s i s  ( T a b le  10. 2) o f  s p o i l  f r o m  P ie c e  T r .  1 s h o w s  th e  
s p o i l  h e r e  to  be  r a t h e r  c o a r s e  i n  t e x t u r e ,  m o r e  so t h a n  t h a t  o f  s p o i l s  
o n  w h i c h  A .  m a r i t i m a  h a s  b e e n  e n c o u n t e r e d  e l s e w h e r e .
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Table 10. 2 P a r t ic le  s iz e  an a ly s is  of spo il from  6m on P iece  Tr. 1
C o a r s e  M e d i u m  F i n e  S i l t  C l a y  O r g a n i c
s a n d  s a n d ____ s a n d  c a r b o n
2 8 . 9 %  2 1 .5 %  1 8 .8 %  1 8 .4 %  10.1% 2 .5 %
In  a d d i t i o n  to  th o s e  f r o m  th e  P ie c e  t r a n s e c t  a n a ly s e s  a r e  a v a i l a b l e  f r o m  
s p o i l  e l s e w h e r e  i n  th e  C a m b o r n e - R e d r u t h  d i s t r i c t .  T h e s e  a r e  s h o w n  
i n  T a b le  10. 3. S i t e s  2 , 4 , 6 a n d  7 w e r e  o f  s p o i l  on  w h i c h  A .  m a r i t i m a  
w a s  n o t  p r e s e n t .  I t  i s  a p p a r e n t  t h a t  th e s e  s i t e s  s h o w  l o w e r  p H  v a lu e s  
t h a n  s i t e s  1 a n d  2 a n d  th e  s p o i l  o f  P ie c e  T r .  1 ( T a b le  10 .1 ) w h e r e  
A .  m a r i t i m a  g r e w .  I t  a p p e a r s  t h a t  e v e n  th o u g h  c o p p e r  c o n c e n t r a t i o n s  
a r e  r e l a t i v e l y  l o w  i n  s o m e  o f  th e  s i t e s  w h e r e  A .  m a r i t i m a  w a s  n o t  
p r e s e n t  th e  t o x i c i t y  o f  th e  s p o i l  a t  th e  l o w  p H  e x c lu d e s  th e  s p e c ie  s.
S o m e  o f  th e  A .  m a r i t i m a  p la n t s  a t  C h a c e w a t e r  S. 5, th e  A .  m a r i t i m a  
l o c a l i t y  w i t h  th e  l o w e s t  p H ,  s h o w e d  c h l o r o t i c  s y m p t o m s .  T h e  s p o i l  o f  
p H  b e l o w  5. 0 on  w h i c h  A .  m a r i t i m a  d id  n o t  o c c u r  w a s  o c c u p ie d  m a i n l y  
b y  C a l l u n a  v u l g a r i s . I t  a p p e a r s  f r o m  the  w id e s p r e a d  d i s t r i b u t i o n  o f  
C a l l u n a  v u l g a r i s  a n d  th e  g e n e r a l  s c a r c i t y  o f  A .  m a r i t i m a  o n  s p o i l  h e a p s  
i n  th e  C a m b o r n e - R e d r u t h  o r e f i e l d  t h a t  s p o i l  o f  l o w  p H  is  n o r m a l  i n  
th e  d i s t r i c t .
T a b le  10. 3 H e a v y  m e t a l ,  c a l c i u m  a n d  p H  d e t e r m i n a t i o n s  f r o m  s p o i l  
h e a p s  i n  th e  C a m b o r n e - R e d r u t h  d i s t r i c t .
S i te C o p p e r
( p p m )
C a l c i u m
( p p m )
p H A r m e r i a
m a r i t i m a
S . 1. C u s g a r n e 3, 000 2 , 950 5. 9 +
S. 5. C h a c e w a t e r 7 , 900 6, 000 5. 7 +
S. 2 . C u s g a r n e 2 0 0 2, 000 3. 8 -
S. 4 . C h a c e w a t e r 460 2, 000 3 . 7 -
S. 6. P ie c e 400 3, 300 4. 2 -
S . 7. P ie c e 1, 100 3 , 1 5 0 4. 0 -
+ A .  m a r i t i m a p r e s e n t
A .  m a r i t i m a  a b s e n t
271
10. 3________ Afon Ystv/yth
T h e  A f o n  Y s t w y t h  d r a i n s  a n  a r e a  o f  S i l u r i a n  r o c k s  to  th e  e a s t  s o u th  e a s t  
o f  A b e r y s t w y t h  i n  W a le s .  I n  th e  N in e t e e n t h  C e n t u r y  the  a r e a  in la n d  
f r o m  A b e r y s t w y t h  w a s  a n  i m p o r t a n t  m i n i n g  r e g i o n  a n d  th e  r e m a i n s  o f  
th e  o l d  m i n e s  a r e  v i s i b l e  i n  m a n y  p la c e s  to d a y .  T h e  l a r g e s t  m in e  i n  th e  
c a t c h m e n t  o f  th e  Y s t w y t h  a p p e a r s  to  h a v e  b e e n  t h a t  b y  th e  r i v e r  a t  
C w m y s t w y t h  a b o u t  2 2 k m  i n l a n d  f r o m  A b y e r s t w y t h  a n d  i n  th e  N in e t e e n t h  
C e n t u r y  a n d  p e r h a p s  e a r l i e r  m u c h  a l l u v i a l  m a t e r i a l  c o n t a in in g  h e a v y  
m e t a l s  w a s  w a s h e d  d o w n s t r e a m  f r o m  m in e s  s u c h  a s  C w m y s t w y t h  to  
p o l l u t e  th e  l o w e r  f l o o d p l a i n  o f  th e  r i v e r .  P o l l u t i o n  a s s o c i a t i o n  w i t h  
m i n i n g  o p e r a t i o n s  a p p e a r s  to  h a v e  b e e n  w i d e s p r e a d  i n  t h i s  a r e a  o f  W a le s  
i n  th e  N i n e t e e n t h  C e n t u r y ,  G r i f f i t h s  (1918) r e c o r d s  th e  s e v e r e  e f f e c t s  
o f  h e a v y  m e t a l  p o l l u t i o n  o n  a g r i c u l t u r a l  l a n d  a n d  l i v e s t o c k  i n  th e  r e g io n .
T h e  f l o o d p l a i n  o f  th e  l o w e r  Y s t w y t h  n e a r  A b e r y s t w y t h  i s  a l m o s t  a t  
s e a  l e v e l  a n d  the  a r e a  e x p e r i e n c e s  a c l i m a t e  v e r y  s i m i l a r  to  t h a t  o f  
A b e r y s t w y t h .  R a i n f a l l  a t  A b e r y s t w y t h  a v e r a g e s  o v e r  9 0 0 m m  a n n u a l l y  
a n d  m e a n  t e m p e r a t u r e s  f r o m  1926 to  1950 w e r e  J a n u a r y ,  5. 3 ° C  a n d  
J u l y ,  1 5 . 5 ° C .
T h l a s p i  a l p e s t r e  o c c u r s  t o d a y  a t  tw o  p la c e s  i n  W a le s ;  i n  th e  L l a n r w s t  
o r e f i e l d  a n d  on  th e  f l o o d p l a i n  o f  the  A f o n  Y s t w y t h  a s s o c ia t e d  w i t h  t o x i c  
a l l u v i u m .  S i le n e  m a r i t i m a  is  a l s o  p r e s e n t  o n  th e  f l o o d p l a i n  o f  th e  
Y s t w y t h ,  e x t e n d in g  f o r  s o m e  d is t a n c e  in l a n d .  S. m a r i t i m a  w a s  a s s o c ia t e d  
w i t h  T .  a l p e s t r e  a t  s o m e  o f  t h e  s i t e s  i n  w h i c h  s a m p le s  w e r e  t a k e n .
T a b le  10. 4 s h o w s  th e  l o c a t i o n s  o f  a n d  a n a ly s e s  f r o m  th e  s a m p le d  s i t e s .
T h e  v e g e t a t i o n  o f  th e  s u r f  a c e  o f  th e  f l o o d p l a i n  o f  the  A f o n  Y s t w t y t h  
s h o w e d  n o  o b v io u s  e v id e n c e  o f  h e a v y  m e t a l  t o x i c i t y ,  t h e r e  w e r e ,  f o r  
e x a m p le ,  n o  a r e a s  w i t h  a s u b s t a n t i a l  a m o u n t  o f  b a r e  g r o u n d  a n d  
T ,  a l p e s t r e  d i d  n o t  o c c u r  o n  th e  f l o o d p l a i n .  A l l  th e  s i t e s  s h o w n  o n  
T a b le  10. 4, w i t h  th e  e x c e p t i o n  o f  S i te  3, w e r e  on  s te e p  a n d  u n s ta b le  r i v e r
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Table 10. 4 Heavy m eta l ,  ca lc ium , pH and organic  carbon analys is  of
a lluvium from  the floodplain of the Afon Ystwyth
S ite G r i d
r e f e r e n c e
C o p p e r
(p p m )
L e a d
(p p m )
Z in c
( p p m )
C a l c i u m
( p p m )
p H O r g a n i c
c a r b o n
1 5 9 2 7 7 6 47 1 ,7 9 0 710 1 ,7 6 0 5. 9 9 .3 %
2 5 9 2 7 7 6 37 1, 680 560 1, 540 n d nd
3 5 8 2 7 7 0 47 1 ,4 5 0 620 1 ,2 3 0 n d n d
4 5 9 8 7 6 6 37 2, 350 770 2, 145 5. 4 8 .6 %
5 6 0 7 7 5 6 42 1, 900 560 2, 250 n d n d
6 6 0 9 7 5 5 26 2, 020 500 1 ,4 5 0 n d n d
7 5 8 4 7 9 5 42 2 , 7 0 0 530 1 ,3 5 5 5. 5 5 .7 %
8 5 8 4 7 9 7 26 2 , 350 300 2, 180 n d n d
c l i f f s .  A t  S i te  3 T .  a l p e s t r e  g r e w  w i t h  S. m a r i t i m a  o n  a f l o o d  r e t a i n i n g  
b a n k  o f  a p p a r e n t l y  r e c e n t  c o n s t r u c t i o n .  T .  a l p e s t r e  w a s  n o t  p r e s e n t  a t  
S i t e s  5 a n d  6, t h e s e  a r e  s a m p le s  f r o m  p la c e s  w h e r e  S. m a r i t i m a  g r e w .
A s  T a b le  10. 4 s h o w s  th e  h e a v y  m e t a l  c o n c e n t r a t i o n s  i n  th e  a l l u v i u m  
a r e  n o t  h ig h ,  t h e y  do  n o t  a t t a i n  the  c o n c e n t r a t i o n s  s e e n  i n  th e  a l l u v i u m  
f r o m  E l l e r  B e c k ,  b u t  p H  v a lu e s  a r e  b e lo w  6. 0. A t  th e s e  p H  v a lu e s  
th e  a l l u v i u m  s e e m s  s u f f i c ie n t t l y  t o x i c  t o  p r o v i d e  a h a b i t a t  f o r  T .  a l p e s t r e  
b u t  o n l y  i n  u n s t a b le  s i t u a t i o n s  o n  r i v e r  c l i f f s ,  o r ,  a s  i n  th e  c a s e  o f  
S i te  3, i n  r e c e n t l y  d i s t u r b e d  h a b i t a t s .
T h e  s i t e s  i n  T a b le  10. 4 r e p r e s e n t  a l l  th e  p la c e s  a t  w h i c h  T .  a l p e s t r e  
w a s  fo u n d  i n  th e  c o u r s e  o f  a t h o r o u g h  s e a r c h  o f  4 k m  o f  r i v e r  b a n k .
S o m e  s i t e s  w i l l  h a v e  b e e n  m is s e d  b u t  i t  i s  b e l i e v e d  n o t  m a n y  a n d  th e  
s p e c ie s  m u s t  be  c o n s i d e r e d  r a r e  on  th e  f l o o d p l a i n  o f  th e  Y s t w y t h  
t o d a y .  A s  a n  e x a m p le  b e tw e e n  L l a n f a r i a n  a n d  th e  c o a s t  w h e r e  r e c e n t  
r i v e r  c a n a l i s a t i o n  w o r k s  h a v e  p r o b a b l y  a f f e c t e d  the  h a b i t a t  o f  
T .  a l p e s t r e  o n l y  tv /o  p la n t s  w e r e  f o u n d  a lo n g  2 k m  o f  r i v e r  b a n k .
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10. 4______ The Llanrwst  oref ie ld
A  g e n e r a l  a c c o u n t  o f  th e  r e g i o n a l  g e o lo g y  a n d  s t r u c t u r e  o f  th e  N o r t h  
W a le s  a r e a  i n  w h i c h  th e  o r e f i e l d  l i e s  h a s  a l r e a d y  b e e n  g i v e n  i n  
C h a p t e r  9. I n  th e  G w y d y r  r e g i o n  ( F i g .  10.1) b e tw e e n  L l a n r w s t  a n d  
B e t w s - y - C o e d  r o c k s  o f  th e  C r a f n a n t  S e r i e s  a r e  m o s t  i m p o r t a n t .
T h e s e  a r e  r h y o l i t e s  a n d  t u f f s  r e s u l t i n g  f r o m  v o l c a n i c  a c t i v i t y  d a t in g  
f r o m  th e  L o w e r  B a l a  t i m e s  o f  th e  O r d o v i c i a n  p e r i o d .
I n  th e  G w y d y r  r e g i o n ,  as  a t  D o l f r w y n o g ,  g l a c i a t i o n  w a s  e s s e n t i a l l y  a 
l o c a l  p r o c e s s  a n d  w a s  h e r e  r e l a t e d  to  i c e  m o v e m e n t  f r o m  th e  S n o w d o n  
m a s s i f  t o w a r d s  th e  v a l l e y  o f  th e  C o n v /a y .  T h i s  i c e  e x c lu d e d  th e  m a j o r  
I r i s h  sea  i c e  m o v i n g  f r o m  th e  n o r t h  ( S m i t h  a n d  G e o r g e ,  1961). F o r  
t h i s  r e a s o n  th e  t h i n  g l a c i a l  t i l l s  o f  th e  G v / y d y r  d i s t r i c t  a r e  o f  lo c a l  
o r i g i n .
M o s t  o f  th e  o r e f i e l d  l i e s  a t  a n  a l t i t u d e  o f  2 0 0 - 3 0 0 m  a n d  is  in  th e  le e  
o f  th e  S n o w d o n  m a s s i f .  P r e c i p i t a t i o n  i s  t h e r e f o r e  l i k e l y  to  be l o w e r  
t h a n  a t  s i m i l a r  a l t i t u d e s  to  th e  w i n d w a r d  o f  S n o w d o n  a n d  a n  a n n u a l  
r a i n f a l l  t o t a l  a r o u n d  1, 2 5 0 m m  s e e m s  p r o b a b l e .  A d j u s t m e n t  f o r  
a l t i t u d e  o f  th e  m e a n  t e m p e r a t u r e  f i g u r e s  f o r  L la n d u d n o  s u g g e s ts  a 
m e a n  t e m p e r a t u r e  f o r  J u l y  o f  th e  o r d e r  o f  14. 7 ° C  a n d  f o r  J a n u a r y  
o f  4 . 8 ° C .
T h e r e  i s  l i t t l e  i n f o r m a t i o n  a v a i l a b l e  o n  th e  s o i l s  o f  th e  d i s t r i c t  b u t  
B a l l  e t  a l  (1969) h a v e  s h o w n  t h a t  h i g h l y  l e a c h e d  b r o w n  e a r t h s  o c c u r  
o n  r h y o l i t i c  d r i f t  i n  th e  S n o w d o n  a r e a  a n d  t h i s  i s  p r o b a b l y  a l s o  the  
c a s e  i n  th e  G w y d y r  r e g i o n .
M u c h  a f f o r e s t a t i o n  b y  th e  F o r e s t r y  C o m m i s s i o n  h a s  t a k e n  p la c e  i n  the  
G w y d y r  d i s t r i c t  a n d  t o d a y  th e  s p o i l  d u m p s  a n d  m in e  b u i l d i n g s  a r e  to  
b e  f o u n d  a m i d s t  p l a n t a t i o n s  o f  v a r i o u s  c o n i f e r o u s  t r e e s .  S m a l l  a r e a s  
h a v e  r e m a i n e d  u n j j l a n t e d  a n d  a r e  u n d e r  a c i d i c  g r a s s l a n d  w h i l e  c e r t a i n  
o f  th e  a r e a s  g r e a t l y  d i s t u r b e d  b y  m i n i n g  a c t i v i t y  h a v e  b e e n  c o lo n i z e d  
b y  C a l l u n a  v u l g a r i s .
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M i n e r a l i s a t i o n  i n  th e  o r e f i e l d  a p p e a r s  to  be  o f  A r m o r i c a n  age  ( S m i t h  
a n d  G e o r g e ,  1961) a n d  A r c h e r  (1958) h a s  p r o v i d e d  a s u m m a r y  o f  the  
i m p o r t a n t  m in e s  a n d  the  n a t u r e  o f  m i n e r a l i s a t i o n  i n  the  r e g io n .  H e  
s t a t e s  t h a t  th e  m i n e r a l  c o n te n t  o f  th e  v a r i o u s  lo d e s  i s  g e n e r a l l y  
s i m i l a r ;  th e  o r e  m i n e r a l s  g a le n a ,  b le n d e  a n d  m a r c a s i t e  o c c u r  i n  a 
g a n g u e  o f  v a r y i n g  p r o p o r t i o n s  o f  q u a r t z  a n d  c a l c i t e .
L e w i s  (1 9 5 7 ) s t a t e s  t h a t  th e  m i n e s  n e a r  L l a n r w s t  w e r e  w o r k i n g  in  the  
S e v e n te e n th  C e n t u r y  b u t  t h a t  l i t t l e  a t t e m p t  w a s  m a d e  to  w o r k  th e  
d e p o s i t s  p r o p e r l y  u n t i l  th e  1 8 5 0 's .  I t  i s  p r o b a b le  a n d  i n  s o m e  c a s e s  
c e r t a i n  t h a t  s o m e  o f  th e  s p o i l  h e a p s  m a y  be  m o r e  r e c e n t  t h a n  th o s e  
i n  o t h e r  o r e f i e l d s .  M i n i n g  c o n t in u e d  i n  th e  a r e a  i n t e r m i t t e n t l y  
u n t i l  1 9 5 4  w h e n  th e  P a r c  M in e  c lo s e d  b e c a u s e  th e  w o r k in g  s b e c a m e  
u n e c o n o m i c .
F i g ,  10. 1 s h o w s  th e  d i s t r i b u t i o n  o f  T .  a l p e s t r e  i n  th e  L l a n r w s t  o r e f i e l d  
a n d  i t  i s  a p p a r e n t  t h a t  th e  s p e c ie s  d o e s  n o t  o c c u r  o n  a l l  th e  s p o i l  h e a p s  
i n  th e  d i s t r i c t .  T h e r e  i s  a s p e c im e n  o f  T .  a l p e s t r e  i n  th e  H e r b a r i u m  
a t  K e w  f r o m  a n  o l d  w a l l  i n  th e  L l a n r w s t  a r e a  b u t  o t h e r w i s e  a l l  th e  
r e c o r d s  r e f e r  to  th e  a s s o c i a t i o n  o f  th e  s p e c ie s  w i t h  le a d  m in e  s p o i l .
A t  th e  H a fn a  l e a d  M in e  ( F i g .  10. 1) T .  a l p e s t r e  o c c u r s  i n  p la c e s  a r o u n d  
th e  m i n e  b u i l d i n g s  w h i c h  a d j o i n  th e  m i n o r  r o a d .  T h e  w o r k i n g s  e x te n d  
u p h i l l  a lo n g  th e  v e i n  f o r  s o m e  d is t a n c e  b e h in d  th e  m in e  b u i l d i n g s  
b u t  th e  s p o i l  h e a p s  h e r e  w e r e  a l m o s t  d e v o id  o f  v e g e t a t i o n  a n d  
T .  a l p e s t r e  w a s  n o t  p r e s e n t ,  A  s h o r t  t r a n s e c t  w a s  r u n  a c r o s s  a s p o i l  
h e a p  o n  w h i c h  T .  a l p e s t r e  g r e w  on  th e  h i l l s i d e  to  the  w e s t  o f  th e  m in e  
c h i m n e y .  T a b le  10. 5 s h o w s  th e  r e s u l t s  o f  a n a ly s e s  o f  s p o i l  f r o m  
t h i s  s i t e .  A l l  th e  c cppe r  c o n c e n t r a t i o n s  w e r e  b e lo w  12 5 p p m  a n d  h a v e  
n o t  b e e n  in c lu d e d .
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Table 10. 5 Heavy meta l ,  ca lc ium ,  pH and organic  carbon determinations
from  the Hafna lead Mine Tr. 1
S a m p le
p o i n t
L e a d
( p p m )
Z in c
(p p m )
C a l c i u m
(p p m )
p H O r g a n i c
c a r b o n
T h l a s p i
a l p e s t r e
Om 2 3 , 1 0 0 9, 100 3, 330 6 . 4 n d +
I m 3 6 , 0 0 0 1 3 ,2 0 0 4, 437 6 . 4 7 .3 % +
2 m 2 8 , 5 0 0 1 4 ,0 0 0 4 ^ 2 8 0 6. 5 11. 9% +
3 m 2 8 , 5 0 0 1 2 ,0 0 0 1 ,3 9 0 6 . 2 9 .2 % X
4 m 2 1 , 8 0 0 7, 700 1, 840 6. 0 8.2?& +
5 m 1 3 ,5 0 0 5, 000 1 ,0 2 0 5. 9 n d -
6 m 1 1 ,2 0 0 6, 200 7 1 4 6 .1 1 .4 % -
7 m 2 1 , 4 0 0 7 , 100 1, 190 6 . 0 n d -
8 m 5, 300 1 ,6 8 0 1, 840 6 .1 5 .6 % +
9 m 16 , 800 9, 400 1 ,3 9 0 6 . 2 n d +
10 m 1 1 ,2 0 0 3, 300 515 5. 6 3.09& -
11m 14, 500 3, 000 675 5 .7 n d -
+ T h la s p i  a l p e s t r e  p r e s e n t
T h l a s p i  a l p e s t r e a b s e n t
L e a d  ( T a b le  10. 5) i s  th e  m o r e  i m p o r t a n t  h e a v y  m e t a l  i n  th e  s p o i l  h e a p  
b u t  z i n c  i s  p r e s e n t  i n  m o d e r a t e  c o n c e n t r a t i o n s  i n  c e r t a i n  s a m p le s .
A l o n g  th e  t r a n s e c t  l i n e  t h e r e  i s  a l s o  v a r i a b i l i t y  i n  c a l c i u m  l e v e l s  a n d  p H  
v a lu e s ,  p H  a n d  c a l c i u m  c o n c e n t r a t i o n s  a r e  h i g h e r  i n  the  f i r s t  f e w  
m e t r e s  t h a n  a t  10 a n d  11m w h e r e  c a l c i u m  is  b e l o w  700  p p m  a n d  the  p H  
b e l o w  6. 0.
T h e  s y m b o l s  i n  th e  T .  a l p e s t r e  c o l u m n  o f  T a b le  10, 5 i n d i c a t e  th e  p r e s e n c e  
o r  a b s e n c e  o f  th e  s p e c ie s  i n  th e  q u a d r a t s  a d jo i n i n g  a s a m p le  s i t e .  I t  
a p p e a r s  t h a t  T .  a l p e s t r e  w a s  a b s e n t  i n  a l l  p la c e s  w h e r e  th e  c a l c i u m  c o n ­
c e n t r a t i o n  w a s  b e l o w  1, 300 p p m  a n d  p r e s e n t  i n  a l l  q u a d r a t s  w h e r e  th e  
c a l c i u m  l e v e l  w a s  a b o v e  t h i s  f i g u r e .  T h e  s p e c ie s  d o e s  n o t  s h o w  a 
p r e c i s e  r e l a t i o n s h i p  w i t h  p H  b u t  is  c e r t a i n l y  n o t  p r e s e n t  i n  th o s e  p la c e s
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w h e r e  th e  p H  is  b e lo w  6 . 0 .  I t  a p p e a r s  t h a t  on  t h i s  t r a n s e c t  l i n e  a t  th e a e  
h e a v y  m e t a l  l e v e l s  T .  a l p e s t r e  is  e x c lu d e d  b y  t o x i c i t y  w h e n  th e  c a l c i u m  
c o n c e n t r a t i o n  f a l l s  b e lo w  1, 300 p p m  a n d  th e  p H  b e lo w  6. 0. T h e  
s u g g e s t i o n  o f  g r e a t e r  t o x i c i t y  i n  th e  a r e a s  n o t  o c c u p ie d  b y  T .  a l p e s t r e  
i s  s u p p o r t e d  b y  th e  o r g a n i c  c a r b o n  a n a l y s e s ,  t h e s e  a r e  l o w e r  a t  6 m  
a n d  10m  w h e r e  th e  s p e c ie s  w a s  a b s e n t  t h a n  i n  a l l  the  p la c e s  w h e r e  the  
s p e c ie s  w a s  p r e s e n t .
T h e  H a fn a  L e a d  M in e  w a s  one o f  th e  f e w  s i t e s  on  th e  o r e f i e l d  w h e r e  
T .  a l p e s t r e  o c c u r r e d  i n  a n y  r e l a t i v e  a b u n d a n c e ,  e l s e w h e r e  j u s t  a f e w  
p l a n t s  g r e w  i n  s c a t t e r e d  l o c a l i t i e s  o n  s p o i l  h e a p s .  T a b le  10. 6 s h o w s  
a n a l y s e s  f r o m  th e s e  s i t e s  w h i l e  T a b le  10. 7 s h o w s  th e  a n a ly s e s  f r o m  
o t h e r  s p o i l  h e a p s  w h e r e  T .  a l p e s t r e  w a s  n o t  p r e s e n t .  C o p p e r  c o n ­
c e n t r a t i o n s  i n  th e s e  s a m p le s  w e r e  s i m i l a r  to  t h o s e  f r o m  th e  H a fn a  
L e a d  M in e  a n d  h a v e  n o t  b e e n  i n c lu d e d .  T h e  l o c a t i o n s  f r o m  w h i c h  the  
s a m p le s  w e r e  t a k e n  a r e  s h o w n  o n  F i g .  10. 1.
T a b le  10. 6 H e a v y  m e t a l ,  c a l c i u m ,  p H  a n d  o r g a n i c  c a r b o n  d e t e r m i n a t i o n s  
f r o m  s p o i l  w i t h  T .  a l p e s t r e  i n  th e  L l a n r w s t  o r e f i e l d
S i te L e a d Z in c C a l c i u m p H O rg a :
( p p m ) (PP™) ( p p m )  _ ■ I I I c a rb c
6 5 6 ,5 0 0 6 2 ,0 0 0 7 , 805 n d n d
7 4, 400 1 0 ,3 0 0 1, 505 6 .1 3 .7 %
8 9 0 , 0 0 0 2 4 , 2 0 0 9, 150 6. 6 3 .0 %
14 1 9 ,0 0 0 1 2 ,9 0 0 5, 980 7 . 2 3 .9 %
16 3, 200 5 0 ,0 0 0 11, 925 6. 6 3 .6 %
19 2 2 , 5 0 0 2 5 ,  700 3 6 , 8 5 0 7 . 0 6 .8 %
20 3 2 ,7 0 0 8, 800 1 0 ,6 0 0 6 .7 n d
21 1 7 ,9 0 0 15 , 500 3 3 ,2 5 0 7 . 2 1. 3%
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Table 10. 7 Heavy m eta l ,  ca lc ium ,  pH and organic  carbon determinations
fr o m  spoi l  without T. a lpes tre  in the Llanrwst oref ie ld
S ite L e a d
(p p m ).
Z in c
( p p m )
C a l c i u m  
(p p m )
p H O rg a :
c a rb c
1 9 0 , 6 0 0 5 0 ,0 0 0 1 ,7 0 0 6 . 9 1. 1%
2 4 2 5 1 ,4 0 0 1 ,1 1 0 5 .7 -
3 4 1 5 500 790 3. 8 -
4 5, 500 1, 300 1, 110 3. 5 1. 0%
5 15, 800 1, 060 515 4. 0 0. 5%
10 2 8 ,  200 4, 100 2, 040 6 . 3 4 .2 %
11 16 , 800 1, 000 1, 040 7 .1 2 . 8%
12 16, 800 1 ,3 0 0 870 4. 7 9 .0 %
13 2 6 ,  000 2 , 700 1, 500 4. 5 2. 9%
15 2 6 ,  000 7 7 , 0 0 0 9, 100 6 . 7 1. 5%
17 2 , 3 5 0 6 2 ,0 0 0 10, 420 7 . 3 2. 6
18 4 9 ,  700 3 6 , 0 0 0 1, 450 6 . 9 4 .4 %
T h e  s a m p le s  o f  T a b le  10. 7 s h o w  c o n s id e r a b le  v a r i a b i l i t y  i n  p H  v a lu e s  
a n d  i t  i s  a p p a r e n t  t h a t  i n  t h i s  o r e f i e l d  c e r t a i n  s p o i l  h e a p s  a r e  v e r y  
a c i d i c .  S i t e s  3, 4 a n d  5 s h o w  s p o i l  w i t h  p H  v a lu e s  o f  4. 0 a n d  b e lo w .  
C a l l u n a  v u l g a r i s  g r e w  o n  th e s e  h e a p s  a n d  t h e y  m a y  be c o n s i d e r e d  
s i m i l a r  to  th e  a c i d i c  s p o i l  h e a p s  o f  C o r n w a l l  d e s c r i b e d  p r e v i o u s l y .  
S e v e r a l  o f  th e  s i t e s  i n  T a b le  10. 7 s h o w  p H  v a lu e s  a b o v e  6. 0 b u t  d id  
n o t  s u p p o r t  p o p u la t i o n s  o f  T .  a l p e s t r e . T h e  r e a s o n s  f o r  t h i s  a r e  n o t  
a p p a r e n t  f r o m  th e  a v a i l a b l e  a n a l y s e s .
A l l  th e  s i t e s  a t  w h i c h  T .  a l p e s t r e  o c c u r r e d  ( T a b le  10. 6) s h o w e d  a p H  
a b o v e  6. 0 a n d  a c a l c i u m  c o n c e n t r a t i o n  a b o v e  1, 300  p p m ,  th e  s a m e  
p a r a m e t e r s  w h i c h  a p p e a r e d  to  d e l i m i t  th e  d i s t r i b u t i o n  o f  th e  s p e c ie s  
o n  th e  H a fn a  L e a d  M in e  T r .  1. I t  a p p e a r s  f r o m  th e  a n a ly s e s  f o r  th e  
L l a n r w s t  o r e f i e l d  t h a t  T .  a l p e s t r e  i s  e x c lu d e d  b y  t o x i c i t y  f r o m  s p o i l  
m a t e r i a l s  w i t h  a p H  b e lo w  6. 0 a n d  c a l c i u m  c o n c e n t r a t i o n s  b e lo w  
1, 300  p p m  b u t  d o e s  n o t  o c c u r  e v e r y w h e r e  w h e r e  p H  a n d  c a l c i u m  
e x c e e d  th e s e  v a lu e s .
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10. 5________ Ha Iky n Mountain
T h e  m i n e r a l i s a t i o n  a t  H a l k y n  M o u n t a i n  is  p a r t  o f  a n  o r e f i e l d  a s s o c i a t e d  
w i t h  r o c k s  o f  C a r b o n i f e r o u s  age w h i c h  o u t c r o p  i n  a b r o a d  a r c  f r o m  
P r e s t a t y n  to  b e y o n d  O s w e s t r y .
T h e  C a r b o n i f e r o u s  L i m e s t o n e  i n  th e  r e g i o n  a t t a i n s  a t h i c k n e s s  i n  p la c e s  
o f  b e t w e e n  7 50 a n d  1 0 0 0 m  a n d  is  e s s e n t i a l l y  a c o r a l  o r  s h e l l y  l i m e s t o n e .  
M i l l s t o n e  G r i t  t i m e s  b r o u g h t  a c h a n g e  in  th e  n a t u r e  o f  th e  f a c i e s  a n d  the  
C e f n - y - f e d w  s a n d s to n e  w a s  d e p o s i t e d  i n  th e  H a l k y n  d i s t r i c t .  A l t h o u g h  
o f  M i l l s t o n e  G r i t  age  t h i s  s a n d s to n e  i s ,  i n i t i a l l y  a t  l e a s t ,  s o m e w h a t  
c a l c a r e o u s  ( S m i t h  a n d  G e o r g e ,  1961).
F o l l o w i n g  th e  d e p o s i t i o n  o f  th e  C a r b o n i f e r o u s  r o c k s  N o r t h  W a le s  w a s  
s u b j e c t e d  to  f o l d i n g  a n d  f a u l t i n g  a s s o c i a t e d  w i t h  th e  A r m o r i c a n  e a r t h  
m o v e m e n t s .  A s  m e n t i o n e d  p r e v i o u s l y  N o r t h  W a le s  a c te d  d u r i n g  the  
o r o g e n y  a s  a s t a b le  a n d  r e s i s t a n t  b l o c k .  F o l d i n g  i n  th e  C a r b o n i f e r o u s  
r o c k s  o f  N o r t h  W a le s  is  t h e r e f o r e  r e l a t i v e l y  g e n t le  b u t  m u c h  f a u l t i n g  
o c c u r r e d ,  o f t e n  c o n f o r m i n g  to  th e  t r e n d  o f  th e  u n d e r l y i n g  P a la e o z o i c  
s t r u c t u r e s .  M i n e r a l i s a t i o n  a c c o m p a n ie d  o r  c l o s e l y  f o l l o w e d  t h i s  
e p is o d e  o f  A r m o r i c a n  f a u l t i n g  ( S m i t h  a n d  G e o r g e ,  1961).
T h e  m in e  d u m p s  a t  H a l k y n  M o u n t a i n  a r e  a t  a n  a l t i t u d e  o f  a r o u n d  
1 4 0 m  a n d  a d j u s t m e n t  o f  th e  t e m p e r a t u r e  d a ta  f o r  L la n d u d n o  s u g g e s ts  
a  J a n u a r y  m e a n  o f  th e  o r d e r  o f  5. 1°C a n d  a J u l y  m e a n  o f  1 5 °C .
A n n u a l  p r e c i p i t a t i o n  a v e r a g e s  a b o u t  l lO O rn m  ( B o w e n ,  1957).
H a l k y n  M o u n t a i n  h a s  b e e n  v e r y  g r e a t l y  d i s t u r b e d  b y  m i n i n g  o p e r a t i o n s  
a n d  i s  t o d a y  f o r  th e  m o s t  p a r t  w a s te  la n d .  U l e x  e u r o p a e u s  h a s  
c o l o n i z e d  l a r g e  a r e a s  o f  th e  d i s t u r b e d  g r o u n d .
M i n e r a l i s a t i o n  i n  th e  d i s t r i c t  i s  a l m o s t  c o m p l e t e l y  r e s t r i c t e d  to  
th e  C a r b o n i f e r o u s  L i m e s t o n e  a n d  C e f n - y - f e d w  S a n d s to n e .  I t  i s  
p r o b a b l e  t h a t ,  as  i n  o t h e r  a r e a s ,  th e  m i n e r a l i s a t i o n  i s  th e  r e s u l t  o f  
u p w a r d  m o v e m e n t  a lo n g  jo i r t s  a n d  f a u l t s  o f  h y d r o t h e r m a l  s o lu t io n s
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d e r i v e d  f r o m  a d e e p  s e a te d  s o u r c e  ( S m i t h  a n d  G e o r g e ,  1961). T h e  m a i n  
o r e  m i n e r a l s  w e r e  g a le n a  a n d  b le n d e ,  a s s o c ia t e d  w i t h  c a l c i t e ,  f l u o r ­
s p a r  a n d  b a r y t e s  g a n g u e s .
I t  i s  k n o w n  t h a t  th e  R o m a n s  w o r k e d  le a d  i n  th e  a r e a  ( L e w i s ,  1967). 
M i n i n g  a t  H a l k y n  r e a c h e d  i t s  z e n i t h  i n  th e  N in e t e e n t h  C e n t u r y  b u t  
c o n t i n u e d  l o n g e r  t h a n  e l s e w h e r e  i n  B r i t a i n .  T h e  l a s t  m i n e  c lo s e d  in  
1958, f o r  e c o n o m ic  r e a s o n s  r a t h e r  t h a n  due to  s h o r t a g e  o f  o r e  ( L e w i s ,  
1967 ).
A  s h o r t  t r a n s e c t  ( T r .  1, T a b le  10. 8) o n  a s p o i l  h e a p  o n  H a l k y n  M o u n t a in  
s h o w e d  M .  v e r n a  o c c u r r i n g  w i t h  a n o r m a l  a s s e m b la g e  o f  a s s o c ia t e d  
s p e c ie s  i n c l u d i n g  F e s tu c a  o v in a .  T h y m u s  d r u c e i , E u p h r a s i a  o f f i c i n a l i s  , 
L i n u m  c a t h a r t i c u m  a n d  H i e r a c i u m  p i l o s e l l a . B a r e  g r o u n d  i n  m o s t  
q u a d r a t s  w a s  o f  th e  o r d e r  o f  50%.
T a b le  10. 8 H e a v y  m e t a l ,  c a l c i u m  a n d  C a / H M  r a t i o  d e t e r m i n a t i o n s  o f  
s p o i l  f r o m  H a l k y n  M o u n t a i n  T r .  1
S a m p le
p o i n t
C o p p e r  
( p p m )
L e a d
(P P i^ )
Z i n c
( p p m )
C a l c i u m
( p p m )
C a / H M
I m 97 6 2 ,9 0 0 1 6 ,1 0 0 3 3 , 2 5 0 0 .7 1
3 m 97 2 9 , 7 0 0 11, 500 2 5 ,  350 0. 71
5 m 67 7 0 ,7 0 0 8, 200 26 , 150 0 . 35
7 m 67 54 , 100 5, 900 2 8 , 9 5 0 0. 51
9 m 102 7 1 , 9 0 0 1 2 ,0 0 0 3 5 ,  000 0 . 4 4
T a b le  10. 8 i n d i c a t e s  t h a t  le a d  i s  th e  p r e d o m i n a n t  h e a v y  m e t a l  o f  th e  
s p o i l  h e a p  a n d  t h a t  c o p p e r ,  as  i n  m o  s t  s p o i l  h e a p s  d e r i v e d  f r o m  v m r k i n g s  
i n  th e  C a r b o n i f e r o u s  L i m e s t o n e ,  i s  p r e s e n t  i n  i n s i g n i f i c a n t  a m o u n t s .
P o t a s s i u m  a n d  m a g n e s i u m  ( T a b le  10. 9) o n  t h i s  h e a p  a r e  i n  l o w e r  a m o u n ts  
t h a n  i s  u s u a l  f o r  C a r b o n i f e r o u s  L i m e s t o n e  s p o i l  b u t  p h o s p h o r o u s  i s  
p r e s e n t  a t  a n o r m a l  c o n c e n t r a t i o n .
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Table 10. 9
S o d iu m
(p p ™ )
250
S o d iu m ,  p o t a s s i u m ,  m a g n e s iu m ,  p h o s p h o r o u s  a n d  p H  
d e t e r m i n a t i o n s  f r o m  5 m  o n  H a l k y n  M o u n t a in  T r ,  1
P o t a s s i u m
(pp™ )
850
M a g n e  s iu m  
(pp™ )
660
P h o s p h o r o u s  p H
I e e b ]   ___
1,160 7 . 0
N e a r  t o  th e  t r a n s e c t  l i n e  a v e r y  i n t e r e s t i n g  s i t e  f o r  M .  v e r n a  w a s  fo u n d  
o n  a t r a c k  c o m p o s e d  o f  m in e  s p o i l .  T h e  t r a c k  w a s  c o v e r e d  f o r  th e  m o s t  
p a r t  b y  a s h o r t  F e  s t u c a o v in a  s w a r d .  I n  a s m a l l  a r e a ,  a b o u t  1 sq .  m .  , 
th e  F .  o v in a  t u r f  h a d  b e e n  r e m o v e d  i n  th e  s a m e  w a y  t h a t  t u r f  i s  c u t  f o r  
l a w n s .  M .  v e r n a  g r e w  i n  th e  b a r e  a r e a  p r o d u c e d  b y  t u r f  r e m o v a l  b u t  
n o t  i n  th e  s u r r o u n d i n g  F .  o v in a  s w a r d .  S o i l  s a m p le s  w e r e  ta k e n  a lo n g  
a s h o r t  t r a n s e c t  l i n e  ( T r .  2) w h i c h  r a n  f r o m  th e  M .  v e r n a  a r e a  to  th e  
s u r r o u n d i n g  F .  o v in a  s w a r d .  T h e  s a m p le s  i n  th e  F .  o v in a  s w a r d  w e r e  
t a k e n  f r o m  a d e p th  e q u i v a l e n t  to  t h a t  o f  th e  b a s e  o f  th e  d e p r e s s i o n  i n  
w h i c h  M .  v e r n a  o c c u r r e d ,  a b o u t  7 c m .  T a b le  10 .10  s h o w s  th e  r e s u l t s  
o f  th e s e  a n a l y s e s .
T a b le  10. 10 H e a v y  m e t a l ,  c a l c i u m  a n d  C a / H M  r a t i o  d e t e r m i n a t i o n s  
f r o m  H a l k y n  M o u n t a i n  T r .  2
S a m p le
p o in t
L e a d
( p p m )
Z in c
( p p m )
C a l c i u m
( p p m )
C a / H M M i n u a r t i a
v e r n a
Om 2 9 , 7 0 0 4, 400 104, 200 3. 27 -
0 . 5 m 4 0 , 7 0 0 9, 100 119, 200 2 . 61 T
I m 3 9 ,7 0 0 1 0 ,6 0 0 1 1 3 ,7 0 0 2. 54 +
1. 5 m 5 1 , 8 0 0 1 1 ,2 0 0 132, 700 2 . 31 +
2 m 4 1 , 8 0 0 15, 200 135, 100 2 . 73 +
2 .  5 m 4 1 , 7 0 0 8, 500 108, 150 2 . 35 -
3 m 3 8 , 5 0 0 1 1 ,2 0 0 1 1 3 ,7 0 0 2 . 58 -
3. 5 m 2 3 , 00 15, 200 1 5 5 ,3 0 0 5. 08 -
4 m 2 5 ,  200 18, 700 155, 300 4 .  49 -
+ M .  v e r n a  p r e s e n t
M .  v e r n a  a b s e n t
28:
I t  i s  e v i d e n t  f r o m  T a b le  10. 10 t h a t  o n  T r .  2 le a d  a n d  z in c  a r e  p r e s e n t  
i n  l o w e r  c o n c e n t r a t i o n s  th a n  o n  T r .  1 ( T a b le  1 0 ,8 )  b u t  e s p e c i a l l y  
s i g n i f i c a n t  i s  t h a t  c a l c i u m  is  p r e s e n t  i n  m u c h  K g h e r  c o n c e n t r a t i o n s .  In  
c o n s e q u e n c e  th e  C a / H M  r a t i o s  a r e  v e r y  d i f f e r e n t  a n d  the  s p o i l  o f  T r .  2 
a p p e a r s  to  be  m u c h  le s s  t o x i c  th a n  t h a t  o f  T r .  1.
T h e  s a m p le s  ( T a b le  10. 10) f r o m  2. 5 a n d  3 m  b e lo w  the  c l o s e d  F .  o v in a  
s w a r d  s h o w  C a / H M  r a t i o s  o f  th e  o r d e r  o f  th o s e  i n  th e  a r e a  f r o m  0. 5 
to  2 m  w h e r e  th e  F .  o v in a  t u r f  h a d  b e e n  r e m o v e d  a n d  M .  v e r n a  w a s  
p r e s e n t .  T h i s  s i t e  a p p e a r s  to  p r o v i d e  e v id e n c e  o f  e x c l u s i o n  o f  
M .  v e r n a  i n  th e  p r o c e s s  o f  s u c c e s s io n  on  s p o i l  m a t e r i a l s ,  th e  r e m o v a l  
o f  th e  t u r f  h a s  s e t  s u c c e s s io n  b a c k  to  a n  e a r l i e r  s ta g e  a n d  i t  a p p e a r s  
t h a t  M .  v e r n a  h a s  r e c o l o n i z e d  th e  s i t e .  T h e  s p o i l  h e r e  p r o b a b l y  d a te s  
f r o m  la t e  l a s t  c e n t u r y ,  t h i s  w a s  th e  p e r i o d  o f  m a x i m u m  m i n i n g  a c t i v i t y  
i n  th e  a r e a ,  a n d  th e  e v id e n c e  f r o m  T r .  2 s u g g e s ts  t h a t  a t  a C a / H M  
r a t i o  o f  2 . 5 M .  v e r n a  h a s  b e e n  e x c lu d e d  i n  th e  c o u r s e  o f  s u c c e s s io n  
w i t h i n  a p e r i o d  o f  100 y e a r s .  In  c o n t r a s t  on  th e  s p o i l  h e a p  o f  T r .  1 
w i t h  i t s  h i g h e r  t o x i c i t y  t h e r e  i s  s t i l l  m u c h  b a r e  g r o u n d  a n d  M .  v e r n a  
o c c u r r e d  a l l  a lo n g  th e  t r a n s e c t  l i n e .
10. 6_______ T h e  G a r r i g i l l  a r e a  i n  th e  N o r t h e r n  P e n n in e s
O n  th e  A l s t o n  B l o c k  i n  th e  N o r t h e r n  P e n n in e s  th e  l o w e r  C a r b o n i f e r o u s  
i s  r e p r e s e n t e d  b y  r o c k s  o f  th e  Y o r e d a l e  f a c i e s  a n d  m i n e r a l i s a t i o n  i n  
th e  a r e a  i s  n o r m a l l y  a s s o c i a t e d  w i t h  the  l i m e s t o n e  h o r i z o n s  in  th e  
Y o r e d a l e s .  T h e  A l s t o n  B l o c k  i s  b o u n d e d  o n  th e  w e s t  b y  th e  P e n n in e  
F a u l t  w h i c h  i s  r e s p o n s i b l e  f o r  th e  s te e p  w e s t e r n  w a l l  o f  C r o s s  F e l l  
a n d  f r o m  th e  s u m m i t  o f  C r o s s  F e l l  a t  j u s t  u n d e r  th e  9 0 0 m  th e  c o u n t r y  
s lo p e s  e a s t w a r d s ,  d r a i n e d  b y  th e  R i v e r s  T e e s ,  W e a r  a n d  S o u th  T y n e .
I n  th e  A l s t o n  r e g i o n  l i m e s t o n e  i s  s u b o r d in a t e  i n  th e  g e n e r a l  t o p o ­
g r a p h y  a n d  n o t  d o m in a n t  as  i n  th e  M a l h a m  d i s t r i c t  to  the  s o u th  a n d  
l a r g e  a r e a s  o f  th e  f e l l s  a r e  m a n t l e d  b y  t h i n  g l a c i a l  d e p o s i t s  o f  
l o c a l  o r i g i n .
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M a n l e y  (1936) s t a t e d  t h a t  th e  " N o r t h  P e n n in e  m o o r l a n d s  c o m p r i s e  the  
m o s t  c o n s i s t e n t l y  e le v a t e d  a n d  c h i l l y  p a r t  o f  E n g l a n d " .  H e p o in t s  o u t  
t h a t  " s p r i n g  a p p r o a c h e s  s l o v d y  i n  th e  a r e a ,  5 0 ° E  ( lO ^ C )  m a y  n o t  be 
e x p e c t e d  u n t i l  l a te  M a r c h  a n d  e v e n  a d a y  o r  tw o  i n  M a y  w i l l  h a v e  
m a x i m a  b e lo w  4 0 ° E  (4 . 4 ° C ) .  "  H e  s u g g e s ts  t h a t  th e  c l i m a t e  i s  c o m ­
p a r a b l e  w i t h  t h a t  o f  s o u t h e r n  I c e la n d .  M a n l e y  (1945) s t a t e d  th a t  the  
l e n g t h  o f  th e  g r o w i n g  s e a s o n  a t  M o o r  H o u s e  ( 5 6 lm )  w a s  165 d a y s .  He 
c a l c u l a t e d  t h a t  th e  l e n g t h  o f  th e  g r o w i n g  s e a s o n  i n  th e  N o r t h e r n  
P e n n in e s  d e c r e a s e s  b y  one  d a y  f o r  e a c h  7. 9 m  r i s e  i n  a l t i t u d e .  I t  
t h u s  a p p e a r s  t h a t  th e  l e n g t h  o f  th e  g r o w in g  s e a s o n  a t  G a r r i g i l l  i s  a b o u t  
17 d a y s  l o n g e r .
M i l l a r  (1964) p r e s e n t e d  t e m p e r a t u r e  d a ta  f o r  M o o r  H o u s e  f o r  th e  
p e r i o d  1953 to  1962. T h i s  d a ta  i n d i c a t e s  a J a n u a r y  m e a n  o f  - 0 .  3 ° C  
a n d  a J u l y  m e a n  o f  11. 1 ° C .  T h e s e  f i g u r e s  s u g g e s t  a c l i m a t e  c o l d e r  
t h a n  th e  e s t i m a t e d  f i g u r e s  i n  M a n l e y  (1943) f o r  th e  p e r i o d  1906 to  1935, 
0. 6^C a n d  11. 6 ° C  r e s p e c t i v e l y .  M e a n  t e m p e r a t u r e s  i n  th e  G a r r i g i l l  
a r e a ,  a b o u t  1 3 5 m  l o v / e r  i n  a l t i t u d e ,  w i l l  be  n o  m o r e  th a n  1°C g r e a t e r .
G la s s p o o le  (1932) h a s  p r o v i d e d  d e t a i l s  o f  r a i n f a l l  t o t a l s  i n  th e  
N o r t h e r n  P e n n in e  s . H e  d e m o n s t r a t e d  a r a p i d  i n c r e a s e  i n  r a i n f a l l  
w e s t w a r d s  f r o m  M i d d l e t o n  i n  T e e s d a le ;  M i d d l e t o n  r e c o r d s  a b o u t  
8 9 0 m m  a n n u a l l y  a n d  C r o n k l e y  F e l l  a b o u t  1 3 0 0 m m  w h i l e  th e  f e l l  
s u m m i t s  r e a c h  m o r e  t h a n  1 7 8 0 m m  e a c h  y e a r .  A n n u a l  p r e c i p i t a t i o n  
a t  G a r r i g i l l  i s  p r o b a b l y  a r o u n d  1 4 0 0 m m .
M u c h  o f  th e  N o r t h e r n  P e n n in e  d i s t r i c t  i s  c o v e r e d  b y  t h i n  t i l l s  a n d  
i n  th e  c o n d i t i o n s  o f  h i g h  r a i n f a l l  a n d  l o w  t e m p e r a t u r e s  p e a t  f o r m a t i o n  
o c c u r s  o n  m a n y  s i t e s .  E v e n  w h e r e  l i m e s t o n e  i s  n e a r  to  th e  s u r f a c e  
l e a c h i n g  o f  th e  u p p e r  h o r i z o n s  o f  th e  s o i l  h a s  o c c u r r e d  a n d  i n  
c o n s e q u e n c e  c a l c a r e o u s  g r a s s l a n d  i s  u n u s u a l .  The. p e a ts  a n d  p e a t y  
s o i l s  a r e  o c c u p ie d  b y  C a l l u n a  v u l g a r i s  m o o r s  a n d  N a r d u s  s t r i c t a  g r a s s  
la n d  a n d  a F e s t u c a  o v in a  -  A g r o s t i s  t e n u is  g r a s s l a n d  o c c u r s  w h e r e  
l i m e s t o n e  i s  n e a r e r  t o  th e  s u r f a c e .  I n  p la c e s  M o l i n i a  c a e r u le a  
f l o u r i s h e s  i n  a c i d i c  f l u s h e s .
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T h e  r e g i o n  is  f a m o u s  f o r  th e  c o m m u n i t i e s  o f  A r c t i c - A l p i n e  p la n t s  
w h i c h  o c c u r  i n  c a l c a r e o u s  f l u s h e s  i n  th e  h e a d w a t e r s  o f  th e  T e e s .  
P i g o t t  (1956) i n  c o n s i d e r i n g  th e s e  p l a n t  r é f u g i a  o f  U p p e r  T e e s d a le  
s u g g e s te d  t h a t  the  l o w  s u m m e r  t e m p e r a t u r e s  c o m b in e d  w i t h  th e  r a r i t y  
o f  p r o l o n g e d  d r o u g h t ,  e s p e c i a l l y  i n  w e t  l o c a l i t i e s ,  w e r e  i m p o r t a n t  
o p e r a t i v e  f a c t o r s  i n  the  h a b i t a t s  o f  th e  A r c t i c - A l p i n e  s p e c ie s .
M i n e r a l i s a t i o n  i n  th e  N o r t h e r n  P e n n in e s  d a te s  f r o m  th e  A r m o r i c a n  
p e r i o d  a n d  th e  p r o d u c t i v e  v e in s  w e r e  g e n e r a l l y  n o r m a l  f a u l t s  o f  
s m a l l  t h r o w  a n d  a n o r t h  e a s t  to  s o u th  w e s t  t r e n d .  T h e  m a i n  o r e  o f  
th e  m i n e r a l  f i e l d  v /as  g a le n a ,  z in c  b le n d e  o c c u r r e d  o n l y  s p o r a d i c a l l y .  
F l u o r s p a r  w a s  i m p o r t a n t  i n  W e a r d a le  b u t  to  the  s o u th  b a r y t e s  a n d  
c a l c i t e  w e r e  th e  p r e d o m in a n t  g a n g u e s  ( D u n h a m ,  1948).
T h e  R o m a n s  a r e  t h o u g h t  to  h a v e  w o r k e d  le a d  in  th e  N o r t h e r n  P e n n in e s  
a n d  m i n i n g  i s  b e l i e v e d  to  h a v e  c o n t in u e d  t h r o u g h o u t  th e  M i d d l e  A g e s .  
T h e  N o r t h e r n  P e n n in e s  w a s  th e  c e n t r e  o f  o p e r a t i o n s  o f  th e  g r e a t  
m i n i n g  c o m p a n ie s  o f  th e  E ig h t e e n t h  a n d  N in e t e e n t h  C e n t u r i e s  a n d  
l a r g e  m i n e s ,  e n t e r e d  b y  h o r s e  l e v e l s  f r o m  th e  d e e p  v a l l e y s ,  w e r e  
a  f e a t u r e  o f  the  d i s t r i c t  ( R a i s t r i c k  a n d  J e n n in g s ,  1965 ).
N e a r  to  G a r r i g i l l  i n  th e  N o r t h e r n  P e n n in e  o r e f i e l d  A r m e r i a  m a r i t i m a , 
M i n u a r t i a  v e r n a , T h l a s p i  a l p e s t r e , C o c h l e a r i a  o f f i c i n a l i s  a n d  
P a r n a s s i a  p a l u s t r i s  g r o w  o n  s p o i l  h e a p s  d e r i v e d  f r o m  w o r k i n g s  i n  
th e  C r a g  G r e e n  N o r t h  v e in .
F i g .  1 0 .2  r e f e r s  to  a s h o r t  t r a n s e c t  o n  th e  s o u th  f a c i n g  s lo p e  o f  th e  
s p o i l  h e a p  a n d  i t  i s  a p p a r e n t  t h a t  th e  i n d i c a t o r  p la n t s  a r e  a c c o m p a n ie d  
b y  s e v e r a l  o f  t h o s e  s p e c ie s  c h a r a c t e r i s t i c  o f  C a r b o n i f e r o u s  L i m e ­
s to n e  s p o i l  h e a p s .  T h e  s p o i l  i n  t h i s  r e g i o n  s lo p e d  a t  a b o u t  3 2 °  
a n d  v /as  q u i t e  u n s t a b le ,  th e  i n s t a b i l i t y  b e in g  due i n  p a r t  to  t r a m p l i n g  
b y  c a t t l e .
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T a b le  10.11 H e a v y  m e t a l ,  c a l c i u m  a n d  C a / H M  r a t i o  d e t e r m i n a t i  
f r o m  G a r r i g i l l  T r .  1
S a m p le
p o in t
L e a d
i L H U l
Z i n c
(p p m )
C a l c i u m
( p p m )
C a / H M
Om 1, 520 2, 200 5 ,2 5 0 2. 0
2 m 6 ,2 9 0 5, 600 8, 700 0. 96
4 m 6, 750 9, 700 14, 900 1 .2 8
6 m 6, 620 1 7 ,5 0 0 35 , 500 2 . 31
8 m 3, 970 4, 700 12, 650 2 . 0
T h e  C a / H M  r a t i o s  ( T a b le  10.11) i n d i c a t e  a s p o i l  o f  m o d e r a t e  t o x i c i t y  
a n d  T a b le  10.12 d e m o n s t r a t e s  t h a t  p o t a s s i u m  c o n c e n t r a t i o n s  in  m a n y  
s a m p le s  a r e  h ig h  f o r  a C a r b o n i f e r o u s  L im e s t o n e  s p o i l  b u t  t h a t  p h o s ­
p h o r o u s  i s  p r e s e n t  a t  a l e v e l  l o w e r  t h a n  th e  n o r m a l  f i g u r e  o f  a r o u n d  
1, 000  p p m .
T a b le  10. 12 S o d iu m ,  p o t a s s i u m ,  m a g n e s i u m ,  p h o s p h o r o u s  a n d  p H  
d e t e r m i n a t i o n s  f r o m  G a r r i g i l l  T r .  1
S a m p le
p o i n t
S o d iu m
.(P P H l
P o t a s s i u m
.(P P ^ )
M a g n e s iu m  
(p p ™ )______
P h o s p h o r o u s
(p p m )
p H
Om 150 3, 060 890 n d 7. 0
2 m 175 2 , 850 n d n d 7 .1
4 m 210 4 , 700 1 ,2 6 0 680 7 . 2
6 m 4 5 0 8, 280 n d n d 7 . 1
8 m 240 1, 905 3, 070 n d 7. 0
A  p a r t i c l e  s iz e  a n a l y s i s  f r o m  2 m  o n  G a r r i g i l l  T r .  1 ( T a b le  10 .13) 
s h o w s  th e  s p o i l  h e r e  to  be  r e l a t i v e l y  f i n e  i n  t e x t u r e  c o m p a r e d  to  m a n y  
d e r i v e d  f r o m  w o r k i n g s  i n  th e  C a r b o n i f e r o u s  L i m e s t o n e .
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Table 10. 13 P a r t ic le  s ize  ana lys is  of spoil  from  2m on Garrig il l  Tr.  1
C o a r s e  M e d i u m  F in e  S i l t  C l a y  O r g a n i c
s a n d  s a n d  s a n d      c a r b o n
12.1%  6 .2 %  2 0 .7 %  3 7 .6 %  1 6 .9 %  9 .0 %
O n  th e  n o r t h  f a c i n g  s lo p e  o f  th e  s p o i l  h e a p  a n o t h e r  t r a n s e c t  ( T r .  2 ) 
c r o s s e d  a n  a r e a  w i t h  a n  o v e r a l l  s p e c ie s  c o m p o s i t i o n  v e r y  s i m i l a r  to  
t h a t  o f  T r .  1. T h e  g r o u n d  w a s  m u c h  l e s s  d i s t u r b e d  h e r e  t h a n  on  T r .  1 
a n d  b a r e  g r o u n d  i n  th e  q u a d r a t s  a v e r a g e d  23% , i n  c o n t r a s t  to  51% 
o n  T r .  1. T h e  s p o i l  o n  T r .  2 ( T a b le  10 .14 )  i s  r a t h e r  m o r e  t o x i c  t h a n  
th a t ,  o n  T r .  1, m a in ly  due  to  h i g h e r  le a d  c o n c e n t r a t i o n s .
T a b le  10. 14 H e a v y  m e t a l ,  c a l c i u m  a n d  C a / H M  r a t i o  d e t e r m i n a t i o n s  
f r o m  G a r r i g i l l  T r .  2
S a m p le L e a d Z i n c C a l c i u m C a / H M
p o i n t ( p p m ) (p p m ). (p p m )
Om 13, 000 5, 000 9, 750 0. 63
2 m 1 0 ,7 0 0 4 , 300 9, 600 0. 75
4 m 14, 200 4 , 700 16, 500 1 . 0
6 m 1 2 ,0 0 0 5, 000 7 , 7 0 0 0. 53
8 m 15, 200 4, 700 8, 500 0. 48
A s  T a b le 10 .15  s h o w s  n u t r i e n t  c o n c e n t r a t i o n s  a n d  p H  v a lu e s o n  T r .  2
a r e  v e r y s i m i l a r  to  th o s e o f  T r .  1 ( T a b le  10. 12) w i t h  th e  e x c e p t i o n  o f
p o t a s s i u m ,  p r e s e n t  i n  l o w e r  c o n c e n t r a t i o n s .
T a b le  10. 15 S o d iu m ,  p o t a s s i u m ,  m a g n e s iu m ,  p h o s p h o r o u s  a n d  p H  
d e t e r m i n a t i o n s  f r o m  G a r r i g i l l  T r .  2
S a m p le
p o i n t
S o d iu m  
(p p m ) .  _
P o t a s s i u m
(P p m )_ .
M a g n e  s i u m
( p p m ) ..........
P h o s p h o r o u s
( p p m )
p H
Om 210 1 ,6 5 0 850 n d 6. 8
2 m 175 1, 540 n d n d 7 .1
4 m 225 2, 140 1 ,2 6 0 640 7. 3
6 m 150 1, 860 n d n d 6 . 9
8 m 195 1. 540 47 0 nd 7 . 0
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O n  T r .  2 C o c h l e a r i a  o f f i c i n a l i s  w a s  p r e s e n t  i n  6 o u t  o f  8 q u a d r a t s ,  
u n l i k e  T r .  1 w h e r e  the  s p e c ie s  w a s  o n l y  s e e n  in  1 q u a d r a t ,  a n d  
P a r n a s s i a p a l u s t r i s , a b s e n t  o n  T r .  1 w a s  a l s o  p r e s e n t  i n  6 q u a d r a t s .  
T h i s  d i s t r i b u t i o n  d o e s  n o t  s e e m  to  be r e l a t e d  to  t o x i c i t y ,  th e  s p o i l  
o f  T r .  2 is  r a t h e r  m o r e  t o x i c  t h a n  t h a t  o f  T r .  1. N o r  a r e  t h e r e  
s u b s t a n t i a l  d i f f e r e n c e s  i n  n u t r i e n t  s ta tu s  o r  p H  b e tw e e n  th e  tw o  a r e a s  . 
P a r n a s s i a  p a l u s t r i s  i s  a s p e c ie s  o f  w e t  h a b i t a t s ,  C la p h a m  e t  a l  (1952) 
g iv e  th e  h a b i t a t  a s  m a r s h e s  a n d  w e t  m o o r s .  I t  s e e m s  p r o b a b le  t h a t  
P .  p a l u s t r i s  i s  p r e s e n t  o n  th e  n o r t h  f a c i n g  s lo p e  o f  t h i s  s p o i l  h e a p  
a n d  a b s e n t  o n  th e  s o u th  f a c i n g  T r .  1 s id e  as  a f u n c t i o n  o f  m i c r o c l i m a t e ,  
T h e  s p o i l  h e a p  w i l l  be  c o o le r  a n d  s h o w  a b e t t e r  m o i s t u r e  s t a t u s  i n  
th e  s u b s t r a t e  o n  th e  n o r t h e r n  s id e .  T h e  h a b i t a t  o f  C o c h l e a r i a  
o f f i c i n a l i s  i n  D e r b y s h i r e  w a s  s t a te d  i n  C la p h a m  (1969) to  be  n o r t h  
f a c i n g  c l i f f s  on  th e  C a r b o n i f e r o u s  L i m e s t o n e ,  a g a in  a s u g g e s t io n  o f  a 
r . e q r i r e m e n t  f o r  c o o l e r  a n d  m o i s t e r  h a b i t a t s ,  a n d  th e  d i f f e r e n c e  i n  
f r e q u e n c y  o f  th e  s p e c ie s  o n  th e  tw o  s id e s  o f  th e  s p o i l  h e a p  is  p r o b a b l y  
a g a in  a m i c r o c l i m a t i c  e f f e c t .
A s  w a s  s h o w n  in  th e  E l l e r  B e c k  r e g i o n  A r m e r i a  m a r i t i m a  a n d  
C .  o f f i c i n a l i s  t e n d  to  be r e s t r i c t e d  to  the  w e t t e r  s i t e s .  A t  E l l e r  B e c k  
P a r n a s s i a  p a l u s t r i s , p r e s e n t  o n  th e  s p o i l  h e a p ,  w a s  a s s o c ia t e d  w i t h  
A .  m a r i t i m a  a n d  C .  o f f i c i n a l i s  i n  th e  m e t a l l i f e r o u s  r i p a r i a n  h a b i t a t s .  
A t  G a r r i g i l l  a l l  t h r e e  s p e c ie s  o c c u r  t o g e t h e r  on  s p o i l .  I t  s e e m s  
p r o b a b le  t h a t  t h i s  o c c u r r e n c e  o f  t h e s e  t h r e e  s p e c ie s  on  a s p o i l  h e a p  
i s  due  to  th e  f a v o u r a b l e  t e x t u r a l  c h a r a c t e r i s t i c s  o f  th e  s u b s t r a t e  a t  
t h i s  s i t e ,  th e  s p o i l  i s  o f  r e l a t i v e l y  f i n e  t e x t u r e ,  a f a c t o r  a u g m e n te d  
b y  th e  r a r i t y  o f  p r o l o n g e d  d r o u g h t  i n  th e  N o r t h e r n  P e n n in e  r e g i o n  
w h i c h  P i g o t t  (1956) r e f e r r e d  to .
20.9
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CHAPTER 11
T H E  O C C U R R E N C E  O F  M I N U A R T I A  V E R N A  IN  R E L A T I O N  T O  
R E G I O N A L  V A R I A T I O N S  IN  S U B S T R A T E  T O X I C I T Y
11. 1_________I n t r o d u c t i o n
M i n u a r t i a  v e r n a  h a s  b e e n  f o u n d  g r o w i n g  o n  s p o i l  d e r i v e d  f r o m  w o r k i n g s  
i n  th e  C a r b o n i f e r o u s  L i m e s t o n e  i n  s e v e n  d i s c r e t e  a r e a s ,  th e  A a c h e n -  
L i e g e  o r e f i e l d ,  th e  M e n d ip s ,  H a l k y n  M o u n t a in ,  th e  S o u th e r n  P e n n in e s ,  
th e  M a l h a m  D i s t r i c t ,  E l l e r  B e c k  i n  W e n s le y d a le  a n d  i n  th e  N o r t h e r n  
P e n n in e  s. I n  c e r t a i n  o f  t h e s e  a r e a s ,  e s p e c i a l l y  th e  T w i n b o t t o m  S c a r  
d i s t r i c t  a t  M a l h a m  th e  s p o i l  c o n t a in e d  r e l a t i v e l y  l i t t l e  c a l c i u m  a n d  
a p p e a r e d  to  be v e r y  t o x i c .  I n  s u c h  p la c e s  M .  v e r n a  te n d e d  to  be  p r e s e n t  
m o r e  o r  l e s s  e v e r y w h e r e  o n  th e  s p o i l  h e a p s .  E l s e w h e r e  c a l c i u m  w a s  
i n  h i g h e r  c o n c e n t r a t i o n ,  th e  s p o i l s  a p p e a r e d  l e s s  t o x i c  a n d  M .  v e r n a  
w a s  o f t e n  r e s t r i c t e d  to  c e r t a i n  p a r t s  o f  th e  s p o i l  h e a p s .  O n  th e s e  
s p o i l  h e a p s  i t  w a s  p o s s i b l e  to  e s t a b l i s h  a t o x i c i t y  t h r e s h o l d  f o r  th e  
o c c u r r e n c e  o f  M .  v e r n a  a n d  th e  g e o g r a p h i c a l  v a r i a t i o n  i n  th e  t h r e s h o l d  
f o r  th e  s p e c ie s  w i l l  n o w  be c o n s i d e r e d .
11. 2________T h e  o c c u r r e n c e  o f  M i n u a r t i a  v e r n a  in  r e l a t i o n  to  the  C a / H M
r a t i o  i n  d i f f e r e n t  o r e f i e l d s
In  th e  A a c h e n - L i e g e  o r e f i e l d  M .  v e r n a  w a s  n o t  f o u n d  on  s p o i l  w i t h  a 
C a / H M  r a t i o  g r e a t e r  t h a n  0 . 7 a n d  a t  t h i s  r a t i o  M .  v e r n a  w a s  o c c u r r i n g  
a t  o n l y  l o w  c o v e r  v a lu e s  i n  th e  a s s o c ia t e d  q u a d r a t s .  O ne  s i t e  w a s  
f o u n d  i n  the  A a c h e n - L i e g e  a r e a  w h e r e  M .  v e r n a  o c c u r r e d  a t  a C a / H M  
t a t i o  o f  15. 95 b u t  t h i s  w a s  o n  th e  h g h l y  c a l c a r e o u s ,  a r i d  a n d  u n s ta b le  
s id e  o f  a n  e x c a v a t e d  v e i n  a n d  i t  w a s  s u g g e s te d  t h a t  t h i s  w a s  n o t  a 
h a b i t a t  c o m p a r a b le  w i t h  s p o i l  h e a p s .
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I n  th e  M e n d ip s  M .  v e r n a  w a s  p r e s e n t  a t  C h a r t e r h o u s e  a n d  a t  S to c k  H i l l .  
T h e  C h a r t e r h o u s e  s i t e  w a s  n o t  o n  s p o i l  m a t e r i a l  b u t  a t  S to c k  H i l l  
M .  v e r n a  s h o w e d  a v e r y  c l e a r  r e l a t i o n s h i p  w i t h  th e  C a / H M  r a t i o  on  
T r .  1 a n d  w a s  n o t  p r e s e n t  a t  a C a / H M  r a t i o  i n  e x c e s s  o f  0. 4. A t  
C h a r t e r h o u s e  M .  v e r n a  w a s  a g a in  p r e s e n t  a t  C a / H M  r a t i o s  o f  le s s  th a n  
0 . 4 a n d  in  t h i s  l o c a l i t y  d i s t u r b a n c e  b y  t r a m p l i n g  s e e m e d  a n  i m p o r t a n t  
f a c t o r  i n  th e  m a in t e n a n c e  o f  i t s  h a b i t a t ,  e v e n  a t  th e  q u i t e  h ig h  t o x i c i t y .
A t  H a l k y n  M o u n t a i n  tw o  l o c a l i t i e s  w h e r e  M .  v e r n a  g r e w  w e r e  s a m p le d ,  
o n e  o n  a r e l a t i v e l y  b a r e  s p o i l  h e a p  ( T r .  1) a n d  th e  o t h e r  i n  a n  a r e a  
w h e r e  M .  v e r n a  h a d  a p p a r e n t l y  b e e n  r e p l a c e d  b y  o t h e r  s p e c ie s  i n  th e  
c o u r s e  o f  s u c c e s s io n  b u t  h a d  r e t u r n e d  f o l l o w i n g  th e  r e m o v a l  o f  t u r f  
( T r .  2 ) .  T h e  C a / H M  r a t i o  o f  th e  a r e a  v /h e r e  M .  v e r n a  h a d  b e e n  r e p l a c e d  
b y  s u c c e s s i o n  w a s  o f  th e  o r d e r  o f  2 . 5 a n d  o n  th e  s p o i l  h e a p  the  s p e c ie s  
g r e w  a t  C a / H M  r a t i o s  b e tw e e n  0 . 5 a n d  1. 0. A  p r e c i s e  f i g u r e  f o r  a 
M .  v e r n a  t h r e s h o l d  c a n n o t  be a d v a n c e d  o n  th e  b a s i s  o f  th e  e v id e n c e  
a v a i l a b l e  b u t  a n  i n t e r m e d i a t e  f i g u r e  o f  a r o u n d  1 .7 5  s e e m s  r e a s o n a b le .
I n  th e  S o u th e r n  P e n n in e s  M .  v e r n a  w a s  f o u n d  g r o w i n g  o n  s p o i l  u p  to  a 
C a / H M  r a t i o  o f  7 . 52 . I t  w a s  h o w e v e r  d e m o n s t r a t e d  t h a t  w h e r e  
M .  v e r n a  o c c u r r e d  a t  h i g h  C a / H M  r a t i o s  t h e r e  w a s  s o m e  d i s t u r b i n g  
f a c t o r  i n  th e  e n v i r o n m e n t ,  r a b b i t s ,  t r a m p l i n g  b y  m a n  a n d  s u b s t r a t e  
i n s t a b i l i t y  w e r e  i d e n t i f i e d  i n  v a r i o u s  p la c e s .  O n  th e  r e l a t i v e l y  s ta b le  
t r a n s e c t  o n  th e  R i v e r  B r a d f o r d  a t  A l p o r t  M .  v e r n a  w a s  n o t  f o u n d  
g r o w i n g  i n  a n y  q u a d r a t  w i t h  a C a / H M  r a t i o  i n  e x c e s s  o f  3 . 5 a n d  in  
o n l y  one w i t h  a C a / H M  r a t i o  g r e a t e r  t h a n  3. 0 . N o n e  o f  th e  s p o t  
s a m p le s  f r o m  r e l a t i v e l y  s t a b le  s i t e s  in  th e  S o u t h e r n  P e n n in e s  s h o w e d  
M .  v e r n a  a t  a C a / H M  r a t i o  i n  e x c e s s  o f  3 . 0  a n d  t h i s  f i g u r e  is  
p r o p o s e d  as  a t o x i c i t y  t h r e s h o l d  f o r  th e  s p e c ie s  in th e  r e g i o n .
A s  m e n t i o n e d  p r e v i o u s l y  m a n y  o f  th e  s p o i l  h e a p s  in th e  M a l h a m  a r e a  
a r e  v e r y  t o x i c  b u t  a t  P r o c t o r  H i g h  M a r k ,  G r a s s i n g t o n  M o o r  a n d  
A p p le  t r e e  w i c k  M .  v e r n a  g r e w  on  s p o i l s  w i t h  h ig h  C a / H M  r a t i o s .  A t  
P r o c t o r  H i g h  M a r k  M .  v e r n a  w a s  p r e s e n t  i n  e v e r y  q u a d r a t  on  a
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t r a n s e c t  l i n e  w i t h  C a / H M  r a t i o s  r a n g in g  f r o m  3. 5 to  8 .1 6  a n d  a t  
G r a s s i n g t o n  M o o r  th e  s p e c ie s  o c c u r r e d  o n  u n s ta b le  s p o i l  a t  a C a / H M  
r a t i o  o f  16. 62 .  T h e  s p e c ie s  w a s  n o t  f o u n d  on  s t a b le  s p o i l  on  
G r a s s i n g t o n  M o o r  a t  a C a / H M  r a t i o  i n  e x c e s s  o f  4. 96 . A t  A p p l e t r e e w i c k  
M .  v e r n a  g r e w  o n  s ta b le  s p o i l  a t  a C a / H M  r a t i o  o f  12. 12. A  f e w  
a d d i t i o n a l  s i t e s  f r o m  G u n n e r  s id e  G i l l  to  th e  n o r t h  o f  S w a le  d a le  w h i c h  
h a v e  n o t  b e e n  m e n t i o n e d  p r e v i o u s l y  s h o w e d  M .  v e r n a  o c c u r r i n g  a t  
C a / H M  r a t i o s  f r o m  0 .1 9  to  1 7 .2 ,  th e  l a t t e r  s i t e  w a s  u n s t a b le ,  th e  s p o i l  
h e a p  w a s  b e in g  u n d e r c u t  b y  a s t r e a m .  T h e  s a m p le  c o n ta in e d  9 ,1 5 0  p p m  
c a l c i u m  a n d  o n l y  650 p p m  z in c  a n d  207  p p m  le a d .  I t  a p p e a r s  t h a t  th e  
t o x i c i t y  t h r e s h o l d  f o r  M .  v e r n a  i n  th e  C e n t r a l  P e n n in e s  is  a t  l e a s t  a t  
a  C a / H M  r a t i o  o f  6 a n d  m a y  be  s o m e w h a t  h i g h e r .
T h e r e  t h u s  a p p e a r s  t o  be a r e g i o n a l  v a r i a t i o n  i n  th e  t o x i c i t y  o f  th e  s u b ­
s t r a t e s  o n  w h i c h  M .  v e r n a  o c c u r s ,  l e s s  t o x i c i t y  b e in g  n e c e s s a r y  to  
s u p p o r t  a p o p u l a t i o n  i n  th e  n o r t h  o f  E n g la n d  th a n  i n  th e  M e n d ip s  a n d  
th e  A a c h e n - L i e g e  a r e a .  T h i s  v a r i a t i o n  h a s  b e e n  e x p r e s s e d  i n  t e r m s  
o f  th e  C a / H M  r a t i o  b u t  i t  i s  r e a s o n a b l y  e v id e n t  i f  h e a v y  m e t a l  c o n ­
c e n t r a t i o n s  a lo n e  a r e  c o n s id e r e d .  T a b le  11,1 s h o w s  the  le a d  a n d  z in c  
c o n c e n t r a t i o n s  in th e  s p o i l s  o n  w h i c h  M .  v e r n a  g r o w s  o n  f i v e  t r a n s e c t s  
i n  th e  d i f f e r e n t  o r e f i e l d s .  I t  i s  e v id e n t  t h a t  t h e r e  a r e  h i g h e r  c o n ­
c e n t r a t i o n s  o f  h e a v y  m e t a l  i n  th e  s p o i l  o n  w h i c h  M .  v e r n a  g r o w s  i n  th e  
A a c h e n - L i e g e  a r e a  a n d  a t  S to c k  H i l l  i n  th e  M e n d ip s  th a n  i n  th e  
S o u t h e r n  P e n n in e s  a n d  o n  P r o c t o r  H i g h  M a r k .
11.3 M i n u a r t i a  v e r n a  a n d  i n t e r s p e c i f i c  c o m p e t i t i o n
T h e  g e n e r a l l y  a c c e p t e d  e x p la n a t i o n  f o r  th e  a b s e n c e  o f  s p e c ie s  s u c h  as 
M i n u a r t i a v e  r n a  f r o m  m a n y  a r e a s  o f  l o w la n d  B r i t a i n  is  one  i n v o l v i n g  
e x c l u s i o n  b y  c o m p e t i t i o n  f r o m  o t h e r  s p e c ie s .  A m o n g  th e  c o m p e t i t o r s  
g r a s s e s  a r e  p r o b a b l y  p r e - e m i n e n t  a n d  s e e m  as  a g r o u p  to  be m o s t  
e f f e c t i v e  i n  m e  s i c  l o w l a n d  e n v i r o n m e n t s .  G r u b b  e t  a l  (1969) i n  t h e i r  
d i s c u s s i o n  o f  th e  v e g e t a t i o n  o f  c h a l k  h e a th  s u g g e s t  t h a t  th e  e x c l u s i o n
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o f  m a n y  c a l c i c o l e  s p e c ie s  f r o m  s o i l s  o f  p l l  5 - 7  i n  th e  B r i t i s h  lo w la n d s  
i s  due  to  th e  c o m p e t i t i v e  e f f i c i e n c y  o f  th e  g r a s s e s  o n  th e  p r e d o m i n a n t l v  
c l a y  l o w la n d  s o i l s .
H e a v y  m e t a l  c o n c e n t r a t i o n s  i n  th e  s u b s t r a t e  a p p e a r  to  be a s s o c i a t e d  
w i t h  th e  r e d u c t i o n  o f  th e  e f f i c i e n c y  o f  g r a s s  c o m p e t i t o r s .  E v e n  th o u g h  
c e r t a i n  g r a s s e s  h a v e  h e a v y  m e t a l  t o l e r a n t  e c o t y p e s  th e  p r e s e n c e  o f  
h e a v y  m e t a l s  a p p e a r s  to  h a v e  a d i s p r o p o r t i o n a t e  e f f e c t  o n  t h e m  a l l o w i n g  
t h e  i n g r e s s  o f  v a r i o u s  f o r b s .  I t  i s  p o s s ib le  t h a t  th e  a p p a r e n t l y  d i s ­
p r o p o r t i o n a t e  e f f e c t  on  th e  t o l e r a n t  g r a s s e s  i s  n o t  th e  r e s u l t  o f  h e a v y  
m e t a l  t o x i c i t y  p e r  se b u t  due to  o t h e r  e n v i r o n m e n t a l  p e c u l i a r i t i e s  o f t e n  
a s s o c i a t e d  w i t h  h e a v y  m e t a l s ,  th e  a r i d i t y  o r  th e  l o w  n u t r i e n t  s ta tu s  o f  
s p o i l  m a t e r i a l s  f o r  e x a m p le .  O v e r  c e r t a i n  u n d i s t u r b e d  m e t a l l i f e r o u s  
a n o m a l i e s  th e  i n c r e a s e  i n  h e a v y  m e t a l  c o n c e n t r a t i o n  i n  th e  s o i l  i s  n o t  
a p p a r e n t l y  a s s o c ia te d  w i t h  a n y  o t h e r  r a d i c a l  e n v i r o n e m e n t a l  c h a n g e .
I v y  S c a r  T r a n s e c t  3 ( F i g .  7. 10) i s  a n  e x a m p le  o f  t h i s .  A s s o c i a t e d  w i t h  
s u c h  a n  a n a o m a l y  th e  i n d i c a t o r  s p e c ie s  i n c r e a s e  a n d  g r a s s e s  d e c r e a s e  
a n d  a n  e x p la n a t i o n  f o r  t h i s  o t h e r  t h a n  one a s s o c i a t e d  w i t h  h e a v y  m e t a l  
c o n c e n t r a t i o n s  i s  n o t  a p p a r e n t .  T h e  s i t u a t i o n  i s  one i n  w h i c h  c o n ­
t r o l l e d  g r o w t h  e x p e r i m e n t s  a r e  n e c e s s a r y  to  w e ig h  th e  r e l a t i v e  
i m p o r t a n c e  o f  c h e m i c a l  a n d  p h y s i c a l  f a c t o r s  i n  th e  r e d u c t i o n  o f  th e  
c o m p e t i t i v e  a b i l i t y  o f  th e  g r a s s e s .  W h a t e v e r  th e  r e a s o n  h o w e v e r  f o r  
t h e  c o m p e t i t i v e  d i s a d v a n ta g e  o f  g r a s s e s  o n  m a n y  m e t a l l i f e r o u s  s o i l s  
t h e  d is a d v a n ta g e  i t s e l f  i s  e v id e n t .
G r i m e  (1974) c o n s i d e r e d  th e  r e l a t i v e  i m p o r t a n c e  o f  c o m p e t i t i o n ,  
d i s t u r b a n c e  a n d  s t r e s s  w i t h i n  p la n t  c o m m u n i t i e s .  H e s u g g e s te d  t h a t  
a l t h o u g h  c o m p e t i t i o n  is  n o t  r e s t r i c t e d  to  p r o d u c t i v e  h a b i t a t s  i t s  
i m p o r t a n c e  i n  u n p r o d u c t i v e  h a b i t a t s  i s  s m a l l  r e l a t i v e  to  the  d i r e c t  
i m p a c t  o f  e n v i r o n m e n t a l  s t r e s s .  N e v e r t h e l e s s  i t  d o e s  o c c u r .
G r i m e  (1974) c a l c u l a t e d  a c o m p e t i t i v e  in d e x  f o r  a n u m b e r  o f  s p e c ie s .  
T h i s  i n d e x  i s  b a s e d  u p o n  a s s i g n i n g  n u m e r i c a l  v a lu e s  to  th e  h e ig h t  
a n d  l a t e r a l  s p r e a d  o f  a s p e c ie s  a n d  a ls o  i t s  a b i l i t y  to  p r o d u c e  a 
p e r s i s t e n t  l a y e r  o f  l i t t e r  o n  th e  g r o u n d  s u r f a c e .  S p e c ie s  w i t h  a h ig h
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s c o r e  f o l l o w i n g  a d d i t i o n  o f  the  n u m e r i c a l  v a lu e s  f o r  th e s e  p a r a m e t e r s  
a r e  p o t e n t i a l l y  h i g h l y  c o m p e t i t i v e .  He a ls o  p r e s e n t e d  d a ta  o n  m a x i m u m  
r e l a t i v e  g r o w t h  r a t e s  a n d  p o in t s  o u t  t h a t  t h e r e  i s  a r e l a t i o n s h i p  
b e tw e e n  m a x i m u m  r e l a t i v e  g r o w t h  r a t e  a n d  th e  s t r e s s  t o l e r a n c e  o f  
a s p e c ie s ,  th o s e  s p e c ie s  o f  l o w e r  g r o w t h  r a t e s  b e in g  a b le  to  w i t h ­
s t a n d  g r e a t e r  e n v i r o n m e n t a l  s t r e s s .  He p r e s e n t e d  m e a s u r e m e n t s  
f o r  F e s tu c a  o v in a  w h i c h  s h o w e d  a c o m p e t i t i v e  i n d e x  o f  2 . 5 a n d  a 
g r o w t h  r a t e  o f  0. 95 R m a x  g m / g m / w e e k .  He d id  n o t  p r e s e n t  d a ta  f o r  
M .  v e r n a  b u t  he p o in t s  o u t  t h a t  th e  m a j o r i t y  o f  s p e c ie s  s h o w  s i m i l a r  
c o m p e t i t i v e  i n d i c e s  a n d  g r o w t h  r a t e s  to  s p e c ie s  w i t h  w h i c h  t h e y  h a v e  
s t r o n  e c o l o g i c a l  a f f i n i t i e s .  S p e c ie s  s u c h  as  T h y m u s  d r u c e i ,  
H e l i a n t h e m u m  c h a m a e c i s t u s a n d  C a m p a n u la  r o t u n d f o l i a  o n  w h i c h  he 
p r e s e n t e d  i n f o r m a t i o n  a r e  o f t e n  a s s o c i a t e d  w i t h  M .  v e r n a  a n d  a p p e a r  
t o  be m o r e  c o m p e t i t i v e  t h a n  M .  v e r n a . T h e s e  t h r e e  s p e c ie s  s h o w e d  a 
c o m p e t i t i v e  i n d e x  o f  a r o u n d  2 a n d  a g r o w t h  r a t e  o f  0. 7 R  m a x  
g m / g m / w e e k  a n d  i t  i s  p r o b a b le  t h a t  th e  v a lu e s  f o r  M .  v e r n a  a r e  
s l i g h t l y  l e s s .  I f  t h i s  a s s u m p t i o n  i s  c o r r e c t  t h e n  i t  a p p e a r s  t h a t  
M .  v e r n a  is  l e s s  c o m p e t i t i v e  t h a n  F e s t u c a o v in a  b u t  m o r e  a b l e  
r e s i s t  e n v i r o n m e n t a l  s t r e s s .
G r i m e  (1974) w e n t  o n  to  d i s c u s s  th e  s t r e s s  t o l e r a n t  s t r a t e g y  a n d  
p o in t e d  o u t  t h a t  i n  a d d i t i o n  to  s m a l l  s t a t u r e  a g e n e r a l  c h a r a c t e r i s t i c  
o f  h e r b a c e o u s  p la n t s  i n  e n v i r o n m e n t s  e x p e r i e n c i n g  c o n t in u o u s  a n d  
s e v e r e  s t r e s s  i s  a l o w  p o t e n t i a l  g r o w t h  r a t e .  H e s u g g e s te d  t h a t  
t h i s  g e n e r a l i s a t i o n  h e ld  f o r  a w id e  v a r i e t y  o f  s t r e s s e s  i n c l u d i n g  
th o s e  a s s o c i a t e d  w i t h  n u t r i e n t  d e f i c i e n c y ,  s h a d in g  a n d  d e s i c c a t i o n .
H e  d id  n o t  s p e c i f i c a l l y  m e n t i o n  s t r e s s  a s s o c i a t e d  w i t h  a d v e r s e  
c l i m a t i c  c o n d i t i o n s  b u t  i t  s e e m s  r e a s o n a b le  to  s u p p o s e  t h a t  th e  
g e n e r a l  p r i n c i p l e  a p p l i e s .
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H .  4_________T h e  s i g n i f i c a n c e  o f  th e  r e l a t i o n s h i p  b e tw e e n  the  o c c u r r e n c c
o f  M i n u a r t i a  v e r n a  a n d  th e  C a / H M  r a t i o  "
I t  i s  a p p a r e n t  f r o m  the  d a ta  p r e s e n t e d  i n  S e c t io n  11. 2 t h a t  a m o r e  o r  
l e s s  p r o g r e s s i v e  d e c r e a s e  i n  th e  t o x i c i t y  o f  th e  s p o i l  n e c e s s a r y  to  
s u s t a i n  a M .  v e r n a  p o p u l a t i o n  o c c u r s  f r o m  B e l g i u m  to  th e  C e n t r a l  
P e n n in e  s . E v id e n c e  f r o m  H a l k y n  M o u n t a i n  T r .  2 s u g g e s ts  t h a t  
M .  v e r n a  h a s  c e a s e d  to  o c c u r  i n  c e r t a i n  s p o i l  a r e a s  due  to  th e  p r o c e s s  
o f  s u c c e s s io n  to  a m o r e  d e v e lo p e d  a n d  s o m e t i m e s  c lo s e d  c o m m u n i t y  
i n  w h i c h  g r a s s e s  s u c h  a s  F e s t u c a  o v in a  a n d  F .  r u b r a  a r e  e s p e c i a l l y  
i m p o r t a n t .  A n a l y s e s  f r o m  S to c k  H i l l  T r .  1 i n  th e  M e n d ip s  s h o w e d  
t h a t  s u c c e s s io n ,  a s  m e a s u r e d  b y  th e  o r g a n i c  c a r b o n  c o n c e n t r a t i o n  o f  
th e  s p o i l ,  h a d  a d v a n c e d  f u r t h e r  i n  th e  le s s  t o x i c  a r e a s  o f  th e  s p o i l  
h e a p  t h a n  i n  th e  r e g i o n  o f  h i g h e s t  t o x i c i t y  w h e r e  M .  v e r n a  o c c u r r e d .
I t  a p p e a r s  to  be  th e  c a s e  t h a t  s u c c e s s i o n  o n  s p o i l  h e a p s  to  the  p o i n t  
o f  e x c l u s i o n  o f  M .  v e r n a  h a s  e x te n d e d  to  h i g h e r  t o x i c i t i e s  i n  th e  
A a c h e n - L i e g e  a r e a  a n d  i n  B e l g i u m  th a n  i n  th e  S o u t h e r n  a n d  C e n t r a l  
P e n n in e  s . I n  o t h e r  w o r d s  M .  v e r n a  a n d  th e  c o m p e t i t o r s  o f  M .  v e r n a  
h a v e  b e e n  m o r e  s u c c e s s f u l  i n  c o l o n i z i n g  s p o i l  o f  h i g h  t o x i c i t y  i n  th e  
s o u t h  t h a n  i n  th e  n o r t h ,  t h i s  c o l o n i z a t i o n  a n d  th e  a t t e n d a n t  s u c c e s s io n  
l e a d i n g  to  th e  e x c l u s i o n  o f  M .  v e r n a  f r o m  a l l  a r e a s  b u t  th o s e  o f  the  
h i g h e s t  t o x i c i t y  i n  th e  s o u th .
T h i s  is  n o t  to  s u g g e s t  t h a t  M .  v e r n a  w a s  a t  s o m e  s ta g e  p r e s e n t  e v e r y ­
w h e r e  o n  th e  s p o i l  h e a p s  a n d  h a s  s in c e  b e e n  e x c lu d e d  b y  s u c c e s s io n .
O n  s o m e  s p o i l  h e a p s  t h e r e  a r e  a r e a s  w h e r e  t h e r e  is  s t i l l  a s u b ­
s t a n t i a l  a m o u n t  o f  b a r e  g r o u n d .  L a  C a l a m in e  T r .  2 f o r  e x a m p le ,  
b u t  w h e r e  M .  v e r n a  d o e s  n o t  o c c u r .  I t  m a y  be t h a t  o n  s p o i l  w h i c h  is  
n o t  p a r t i c u l a r l y  t o x i c  M .  v e r n a  n e v e r  m a n a g e d  to  e s t a b l i s h  i t s e l f  
i n  th e  f i r s t  w a v e  o f  c o l o n i z e r s  b u t  th e  e v id e n c e  f r o m  H a l k y n  M o u n t a i n  
T r .  2 d o e s  s u g g e s t  t h a t  th e  s p e c ie s  o c c u r r e d  f o r m e r l y  o n  s p o i l s  
w h i c h  w 'e re  l e s s  t o x i c  t h a n  th o s e  on. w h i c h  i t  n o w  g r o w s .
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W h y  s h o u ld  c o l o n i z a t i o n  a n d  s u c c e s s i o n  a p p a r e n t l y  be m o r e  s u c c e s s f u l  
i n  th e  s o u t h e r n  o r e f i e l d s  t h a n  in th e  n o r t h  ? O ne  p o s s i b i l i t y  i s  t h a t  the  
s p o i l s  i n  th e  s o u th  h a v e  a h i g h e r  n u t r i e n t  s t a tu s  th a n  th o s e  i n  th e  n o r t h  
a n d  t h e r e f o r e  g r o w t h  a n d  s u c c e s s io n  p r o c e e d s  m o r e  r a p i d l y .  T a b le  
11.2 s h o w s  th e  r e s u l t s  o f  a n a l y s e s  f o r  p o t a s s i u m ,  m a g n e s i u m  a n d  
p h o s p h o r o u s  c o n c e n t r a t i o n s  i n  s p o i l  f r o m  th e  o r e f i e l d s .  T h e r e  i s  s o m e  
v a i i a b i l i t y  i n  p o t a s s i u m  a n d  m a g n e s i u m  c o n c e n t r a t i o n s  b u t  p h o s p h o r o u s  
i s  v e r y  c o n s t a n t .  T h e r e  s e e m s  to  be n o  s u g g e s t io n  i n  th e  a n a ly s e s  
o f  a n y  g e o g r a p h i c a l  t r e n d  i n  th e  c o n c e n t r a t i o n s  o f  t h e s e  t h r e e  n u t r i e n t s .  
T h e  s a m e  c a n  a l s o  be s a id  o f  th e  p H  a n d  t e x t u r e  o f  th e  s p o i l s ,  t h e r e  
i s  s o m e  v a r i a t i o n  e s p e c i a l l y  i n  t e x t u r e ,  b u t  no  c o n s i s t e n t  r e g i o n a l  
t r e n d .
A s  th e  o c c u r r e n c e  o f  M .  v e r n a  s e e m s  to  be r e l a t e d  to  th e  s u c c e s s  o f  
i t s  c o m p e t i t o r s  i n  c o l o n i z a t i o n  a n d  s u c c e s s io n  th e n  a g r e a t e r  age f o r  
th e  s p o i l  h e a p s  i n  th e  s o u th  m i g h t  r e s u l t  i n  th e  r e s t r i c t i o n  o f  M .  v e r n a  
t o  th e  s i t e s  o f  h i g h e r  t o x i c i t y .  S p o i l  h e a p s  a r e  v e r y  d i f f i c u l t  to  d a te ,  
th e  s p o i l  e v e n  o n  the  s a m e  one  m a y  n o t  n e c e s s a r i l y  be c o n t e m p o r a n e o u s  
a n d  a s  w a s  p o i n t e d  o u t  i n  C h a p t e r  2 m a n y  o f  t h e m  m a y  h a v e  b e e n  d i s ­
t u r b e d  s u b s e q u e n t  to  t h e i r  d e p o s i t i o n  f o r  r e w o r k i n g  p u r p o s e s .
T a b le  11. 3 p r e s e n t s  e s t i m a t e s  o f  th e  a g e s  o f  th e  s p o i l  h e a p s  i n  the  
v a r i o u s  o r e f i e l d s .  T h e s e  a r e  e s s e n t i a l l y  b a s e d  u p o n  th e  d a te  a t  w h i c h  
m i n i n g  c e a s e d  i n  a p a r t i c u l a r  a r e a ,  i n f o r m a t i o n  o n  t h i s  h a s  b e e n  
p r e s e n t e d  i n  th e  v a r i o u s  c h a p t e r s .
I t  s e e m s  v e r y  p r o b a b le  t h a t  th e  s p o i l  h e a p s  a t  L a  C a la m in e ,  the  
R i v e r  B r a d f o r d  a n d  H a l k y n  M o u n t a i n  a r e  b e tw e e n  7 5 a n d  100 y e a r s  
o l d  a n d  t h a t  th e  s p o i l  a t  P r o c t o r  H ig h  M a r k  a n d  S to c k  H i l l  i s  p e r h a p s  
100 y e a r s  o l d e r .  T h e r e  a p p e a r s  to  be  n o  c o n s i s t e n t  t r e n d  i n  th e  a g e s  
o f  th e  s p o i l  h e a p s .
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Table 11. 3 E st im a ted  ages  of the spoil  heaps
L a  C a la m i n e  75 -  100 y e a r s
S to c k  H i l l  175 + y e a r s
H a l k y n  M o u n t a i n  75  + y e a r s
R i v e r  B r a d f o r d  85 + y e a r s
P r o c t o r  H i g h  M a r k  150 + y e a r s
T h e  one c o n s i s t e n t  c h a n g e  f r o m  th e  s o u t h e r n  o r e f i e l d s  to  t h o s e  i n  th e  
n o r t h  i s  o f  th e  e x t e r n a l  i n f l u e n c e  o f  c l i m a t e ,  th e  c l i m a t e  i s  m u c h  
c o l d e r  i n  th e  C e n t r a l  P e n n in e s  th a n  i n  th e  A a c h e n - L i e g e  a r e a .  F i g .  
11.1 s h o w s  th e  p o s t u la t e d  C a / H M  t h r e s h o l d s  f o r  M .  v e r n a  o c c u r r e n c e  
p l o t t e d  a g a in s t  a c c u m u l a t e d  d a y  d e g r e e  ( ° F )  t o t a l s .  T h e  m e t h o d  o f  
c a l c u l a t i n g  a c c u m u l a t e d  d a y  d e g r e e s  w a s  d i s c u s s e d  i n  C h a p t e r  3.
T h e  f i g u r e  o f  3, 300  d a y  d e g r e e s  f o r  th e  A a c h e n - L i e g e  o r e f i e l d  is  
e s t i m a t e d  f r o m  th e  d a ta  i n  She H a r d  (1959) f o r  th e  B r i t i s h  I s l e s ,  I t  
i s  n o t  p o s s i b l e  to  c o m p u te  a p r e c i s e  f i g u r e  b y  th e  m e t h o d  u s e d  f o r  
th e  o t h e r  a r e a s  b e c a u s e  th e  n e c e s s a r y  d a ta  o n  s t a n d a r d  d e v ia t i o n s  
o f  m o n t h l y  m e a n  t e m p e r a t u r e  i s  n o t  a v a i l a b l e .
I t  a p p e a r s  f r o m  F i g .  11. 1 t h a t  t h e r e  i s  a r e l a t i o n s h i p  b e tw e e n  th e  
C a / H M  t h r e s h o l d s  f o r  M .  v e r n a  in  th e  v a r i o u s  o r e f i e l d s  a n d  th e  
a c c u m u l a t e d  d a y  d e g r e e  t o t a l s .  I t  s e e m s  t h a t  w i t h  i n c r e a s i n g  
c l i m a t i c  s t r e s s  th e  c o m p e t i t o r s  o f  M .  v e r n a , o f  w h i c h  th e  g r a s s e s  
F e s t u c a o v in a  a n d  F .  r u b r a  a r e  p r o b a b l y  th e  m o s t  i m p o r t a n t ,  b e c o m e ,  
r e l a t i v e  to  M .  v e r n a , l e s s  e f f i c i e n t .  I t  w a s  p o in t e d  o u t  e a r l i e r  i n  th e  
d i s c u s s i o n  o f  th e  w o r k  o f  G r i m e  (1974) t h a t  F .  o v in a  a p p e a r s  to  h a v e  
l e s s  r e s i s t a n c e  to  e n v i r o n m e n t a l  s t r e s s  t h a n  M .  v e r n a . T h u s  w i t h  
w o r s e n i n g  c l i m a t e  th e  l e v e l  o f  t o x i c i t y  w h i c h  i s  n e c e s s a r y  to  
d i m i n i s h  c o m p e t i t i o n  s u f f i c i e n t l y  to  e n a b le  M .  ve r n a  to  o c c u r  d e c r e a s e s ,  
B e c a u s e  c o l o n i z a t i o n  o f  s p o i l  b y  M .  v e r n a  a n d  i t s  c o m p e t i t o r s  r e s u l t s  
i n  s u c c e s s i o n  o n  th e  s p o i l  w h i c h  i n  c e r t a i n  p la c e s  p r o b a b l y  r e s u l t s  i n  
th e  r e p l a c e m e n t  o f  M .  v e r n a  t h e n  t h i s  r e l a t i o n s h i p  a ls  ' i m p l i e s  t h a t  
s u c c e s s i o n  o n  s p o i l s  in  the  n o r t h e r n  a r e a s  i s  s l o w e r .
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T h e  c u r v e d  n a tu r e  o f  th e  r e la t io n s h ip  in  F ig .  11. 1 s u g g e s ts  th a t  
n o r th w a r d s  h e a v y  m e ta l  c o n c e n t r a t io n  in  th e  s u b s t r a te  b e c o m e s  
in c r e a s in g ly  le s s  im p o r t a n t  in  th e  p r o v is io n  o f  a h a b i t a t  f o r  M . v e r n a  
a n d  th is  a c c o r d s  w i t h  e v id e n c e  a v a i la b le  o n  th e  d is t r ib u t io n  o f  the  
s p e c ie s .  T h e  s p o i l  f r o m  th e  u n s ta b le  s i te  in  G u n n e r  s id e  G i l l  w i t h  a 
C a / H M  r a t io  o f  17. 72 is  p r o b a b ly  n o t  v e r y  t o x ic .  I n  th e  N o r th e r n  
P e n n in e s  w h e re  a c c u m u la te d  d a y  d e g re e  to ta ls  f a l l  to  a r o u n d  2 , 000 
M .  v e r n a  is  k n o w n  f r o m  th e  r é fu g ia  o f  U p p e r  T e e s d a le  w h e re  h e a v y  
m e ta ls  s e e m  to  be u n im p o r ta n t .
T h e s e  f in d in g s  a re  in  a c c o r d a n c e  w i th  th e  v ie w s  e x p r e s s e d  b y  
H a l l i d a y  ( I9 6 0 )  in  r e la t io n  to  c e r t a in  s i te s  o c c u p ie d  b y  M . v e r n a  o n  
s p o i l  m a t e r ia l s  in  th e  N o r t h e r n  P e n n in e  s . H e  s u g g e s te d  th a t  s o m e  
s p o i l  h e a p s  s h o w e d  n o  e v id e n c e  o f  h e a v y  m e ta l  t o x i c i t y  a n d  e m p h a s is e d  
th e  im p o r ta n c e  o f  th e  p h y s ic a l  c h a r a c t e r i s t i c s  o f  th e  s u b s t r a te  in  
th e  p r o v is io n  o f  a h a b i t a t  f o r  M . v e r n a .
T h e  a p p a r e n t  r e la t io n s h ip  b e tw e e n  th e  r a te  o f  s u c c s s s io n ,  t o x i c i t y  
a n d  c l im a te  m a y  go  s o m e  w a y  to w a r d s  e x p la in in g  th e  a p p e a ra n c e  o f  
s p o i l  h e a p s  in  th e  o r e f ie ld s .  In  th e  M e n d ip s  th e  s p o i l  h e a p s  a re  f o r  
th e  m o s t  p a r t  c o m p le te ly  c o lo n iz e d  b y  h e rb a c e o u s  v e g e ta t io n  w h i le  
o n  G r a s s in g to n  M o o r  a n d  a t  G u n n e r  s id e  G i l l  in  th e  C e n t r a l  P e n n in e  s 
la r g e  a r e a s  o f  b a re  s p o i l  m a y  be s e e n . T h e  s p o i l  h e a p s  o f  th e  
M e n d ip s  h o w e v e r  a r e  p r o b a b ly  s o m e w h a t o ld e r  th a n  m a n y  o f  th o s e  
in  th e  C e n t r a l  p e n n in e s  a n d  t h is  w i l l  a ls o  be a f a c t o r  in  t h e i r  a lm o s t  
c o m p le te  c o lo n iz a t io n .  T h e  age  o f  th e  s p o i l  in  th e  M e n d ip s  m a y  
e x p la in  w h y  M .  v e r n a  s h o w s  a k v e r  C a /H M  r a t io  t h r e s h o ld  in  th e  
M e n d ip s  th a n  in  th e  A a c h e n - L ie g e  o r e f ie ld ,  e v e n  th o u g h  th e  A a c h e n -  
L ie g e  a r e a  is  w a r m e r  ( F ig .  11.1).
T h e r e  s e e m s  to  be a n  a n a lo g y  h e re  w i t h  th e  s i t u a t io n  p r e v a i l in g  on  
s e r p e n t in e  s u b s t r a te s  in  th e  B r i t i s h  I s le s .  D is c u s s io n  h a s  lo n g  
c o n t in u e d  u p o n  th e  n a tu r e  o f  th e  p r o b le m  f o r  p la n t  g r o w th  on  
s e r p e n t in e  s o i ls ,  a c o n t r o v e r s y  a b o u t th e  r e la t iv e  im p o r ta n c e  o f  
th e  lo w  c a lc iu m  to  m a g n e s iu m  r a t io  a n d  th e  h ig h  le v e ls  o f  c h r o m iu m  
a n d  n ic k e l .  W h ic h e v e r  is  th e  c a s e  s e r p e n t in e  c a u s e s  d i f f i c u l t i e s  
f o r  p la n ts  due  to  i t s  c h e m ic a l  c o m p o s i t io n  a n d  th e  h a b i t a t  is  o f te n  
c o m p a r e d  w i t h  th o s e  h ig h  in  h e a v y  m e ta ls .
C o o m b e  a n d  F r o s t  (1956) w o r k in g  o n  th e  L i z a r d  in  C o r n w a l l  a n d  
P r o c t o r  (1 9 6 9 ) in  S c o t la n d  b o th  d e s c r ib e d  lo c a l i t i e s  in  w h ic h  th e  s o i l  
a p p e a re d  to  be w h o l ly  d e r iv e d  f r o m  s e r p e n t in e  r o c k  b u t u p o n  w h ic h  
th e  c h a r a c t e r i s t i c  s e r p e n t in e  v e g e ta t io n  w a s  a b s e n t.  P r o c t o r  (1969 ), 
a s  m e n t io n e d  in  C h a p te r  1, d e s c r ib e d  one s u c h  s i te  n e a r  L o c h  
L o m o n d  a s  b e a r in g  " a  m u n d a n e  h e a th  v e g e ta t io n .  "  H e  s t r e s s e d  th e  
im p o r ta n c e  o f  c l im a te  a n d  s o i l  i n s t a b i l i t y  in  th e  m a in te n a n c e  o f  th e  
c h a r a c t e r i s t i c  s e r p e n t in e  e c o s y s te m  o n  th e  h i l l t o p s  o f  S c o t la n d  a n d  
s u g g e s te d  th a t  th e s e  f a c t o r s  w e re  o f  s i m i l a r  im p o r ta n c e  to  th e  
c h e m ic a l  n a tu r e  o f  th e  s u b s t r a te .
T h e  r e la t io n s h ip  in v e s t ig a te d  h e r e  b e tw e e n  M . v e r n a  a n d  c l im a te  
a n d  s p o i l  t o x i c i t y ,  w i t h  i t s  im p l ic a t io n s  f o r  s u c c e s s io n ,  h a s  
e x p r e s s e d  th e  a d d i t io n a l  d i f f i c u l t i e s  f o r  c o lo n iz in g  v e g e ta t io n  in  
th e  m o r e  n o r t h e r n  o r e f ie ld s  in  t e r m s  o f  r e d u c e d  t e m p e r a tu r e s .  T h is  
i s  n o t  to  s u g g e s t  th a t  a l l  th e  r e g io n a l  v a r i a b i l i t y  is  a fu n c t io n  o f  
t e m p e r a t u r e  a lo n e .  P r o c t o r  (1969) m e n t io n e d  a ls o  th e  Im p o r ta n c e  
o f  s o i l  i n s t a b i l i t y  in  th e  m a in te n a n c e  o f  th e  c h a r a c t e r i s t i c  u p la n d  
s e r p e n t in e  e c o s y s te m  a n d  i t  is  p r o b a b le  th a t  on  s p o i l  h e a p s  a t  
h ig h e r  a l t i t u d e s  in  th e  C e n t r a l  a n d  N o r t h e r n  P e n n in e s  p r o c e s s e s  
s u c h  as  f r o s t  h e a v in g  w i l l  be  o f  g r e a te r  in f lu e n c e  th a n  in  th e  s o u th e rn  
o r e f ie ld s .  S u ch  p r o c e s s e s  w i l l  o p e ra te  a lo n g  w i t h  lo w e r  t e m p e r a tu r e s  
in  r e d u c in g  c o m p e t i t io n  a n d  th e  r a te  o f  s u c c e s s io n in  fa v o u r  o f  s p e c ie s  
s u c h  a s  M .  v e r n a  b u t  i t  is  n o t  p o s s ib le  to  e v a lu a te  h e re  th e  r e la t iv e  
im p o r ta n c e  o f  th e s e  e s s e n t ia l l y  i n t e r r e la t e d  f a c t o r s .
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P r o c t o r  (1 9 6 9 ) s t r e s s e d  th e  im p o r ta n c e  o f  c l im a te  a n d  in s t a b i l i t y  
in  th e  m a in te n a n c e  o f  th e  c h a r a c t e r i s t i c  u p la n d  s e rp e n t in e  e c o s y s te m  
in  th e  fa c e  o f  th e  p r o c e s s  o f  s u c c e s s io n .  T h e  s i t u a t io n  on  c a lc a r e o u s  
s p o i l  h e a p s  s e e m s  a n a lo g o u s ,  f r o m  th e  e v id e n c e  p r e s e n te d  h e r e  i t  
is  a p p a r e n t  th a t  th e  lo n g  t e r m  s u r v iv a l  o f  th e  c o m m u n i t ie s  o f  o p e n  
v e g e ta t io n  w i t h  h e a v y  m e t a l  t o le r a n t  in d ic a t o r  s p e c ie s  c h a r a c t e r i s t i c  
o f  c a lc a r e o u s  s p o i l  h e a p s  is  m o s t  l i k e l y  to  o c c u r  in  th e  c o ld e r  
n o r t h e r n  o r e f ie ld s .
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CHAPTER 12
T H E  D IS T R IB U T IO N  O F  T T IE  IN D IC A T O R  S P E C IE S  A N D  O T H E R  
A S P E C T S  O F  T H E  M E T A L L IF E R O U S  E N V IR O N M E N T S  IN  T H E
S T U D Y  A R E A S
12, 1 M in u a r t ia  v e r n a
M in u a r t ia  v e r n a  is  th e  m o s t  w id e s p r e a d  a n d  a b u n d a n t in d ic a t o r  s p e c ie s  
in  th e  B r i t i s h  I s le s  o n  s p o i l  d e r iv e d  f r o m  w o r k in g s  in  th e  L o w e r  
C a r b o n i f e r o u s ,  m a in ly  th e  C a r b o n i f e r o u s  L im e s to n e  o r  l im e s to n e s  o f  
th e  Y o r e d a le  f a c r e s .  In  c e r t a in  p la c e s  M .  v e r n a  is  fo u n d  g r o w in g  on  
m e t a l l i f e r o u s  s u b s t r a te s  o th e r  th a n  s p o i l ,  a t  E l l e r  B e c k  th e  s p e c ie s  
o c c u r s  on  a l lu v iu m  o n  th e  f lo o d  p la in  o f  th e  s t r e a m ,  th e  p la n t  is  p r e s e n t  
o n  l im e  s to n e  s c a r p s  a t  T w in b o t to m  S c a r  a n d  a t E l l e r  B e c k  a n d  a t  
D o l f r w y n o g  b o g  in  W a le s  i t  g ro w s  o n  p e a t  a n d  p e a ty  s o i ls  w h ic h  c o n ta in  
s u b s ta n t ia l  a m o u n ts  o f  c o p p e r .
In  p la c e s  a t  D o l f r w y n o g  M . v e r n a  g ro w s  o n  p e a t  w h ic h  a p p e a rs  to  be 
a lm o s t  p e r e n n ia l ly  w a te r lo g g e d  a n d  a t  t im e s  th e  c o m m u n it ie s  o f  
M .  v e r n a  m a y  be a lm o s t  s u b m e r g e d .  T h e  c o n t r a s t  b e tw e e n  th is  e n v i r o n ­
m e n t  a n d  th o s e  o f  a r i d  s p o i l  h e a p s  a n d  l im e s to n e  s c a r p s  is  m a r k e d  
a n d  i t  e m p h a s is e s  th e  b r o a d  p h y s io lo g ic a l  a m p l i tu d e  o f  th e  s p e c ie s  
in  r e s p e c t  o f  th e  p h y s ic a l  f a c t o r s  o f  th e  m e t a l l i f e r o u s  e n v i r o n m e n t .  
U n l ik e  c e r t a in  o th e r  in d ic a t o r s  th e r e  a p p e a rs  to  be  n o  s u g g e s t io n  th a t  
M .  v e r n a  is  e v e r  a b s e n t  f r o m  a m e t a l l i f e r o u s  e n v i r o n m e n t  due to  
p h y s ic a l  d i f f i c u l t i e s  o f  th e  s u b s t r a te ,  u n le s s  th e s e  t o t a l l y  p r e c lu d e  
a n y  p la n t  g r o w th .  A t  H ig h  R a k e  in  D e r b y s h i r e  f o r  e x a m p le  th e  s p e c ie s  
g r e w  in  s p o i l  w h ic h  w a s  so  u n s ta b le  t h a t  m a n y  o f  th e  p la n ts  w e re  
p a r t i a l l y  b u r ie d .
T h is  a b i l i t y  to  e x is t  o n  a n  u n s ta b le  s u b s t r a te  is  n o t a n  a t t r i b u t e  w h ic h  
M .  v e r n a s h o w s  o n ly  in  m e t a l l i f e r o u s  e n v i r o n m e n ts ,  th e  p la n t  o c c u r s  
w i t h  F e s tu c a  o v in a  o n  th e  m e ta m o r p h o s e d  a n d  r a p id ly  e r o d in g  s u g a r  
l im e s to n e  o f  th e  U p p e r  T e e s d a le  a r e a .  T h e  s i m i l a r i t y  b e tw e e n  the  
s u g a r  l im e s to n e  e n v i r o n m e n t  a n d  th a t  o f  c e r t a in  s p o i l  h e a p s  is  
p r o n o u n c e d .  T h e  s u g a r  l im e s to n e  o f  U p p e r  T e e s d a le  h o w e v e r  c o n ta in s  
l i t t l e  h e a v y  m e ta l , a n  a n a ly s is  o f  a s a m p le  s h o w e d  le a d  a n d  z in c  a t  
c o n c e n t r a t io n s  b e lo w  300 p p m .
M .  v e r n a , in  i t s  h a b i ta ts  in  th e  B r i t i s h  I s le s  w h ic h  do n o t  a p p e a r  to  be  
a s s o c ia te d  w i t h  h e a v y  m e ta ls ,  is  e s s e n t ia l l y  a c a lc ic o le  s p e c ie s .  T h e  
p la n t  g r o w s  in  th e  c a lc a r e o u s  f lu s h e s  o f  th e  A r c t i c - A lp in e  r é fu g ia  o f 
U p p e r  T e e s d a le ,  o n  th e  s u g a r  l im e s to n e  in  U p p e r  T e e s d a le  a n d  in  
c e r t a in  p la c e s  in  S n o w d o n ia  a n d  th e  L a k e  D i s t r i c t  w h e re  c a lc i t e  v e in s  
o u t c r o p .  In  c e r t a in  m e t a l l i f e r o u s  h a b i ta ts  h o w e v e r ,  a t  M a lh a m  a n d  
e s p e c ia l l y  a t  D o l f r w y n o g ,  th e  p la n t  e x te n d s  to  s u b s t r a te s  o f  p H  
a r o u n d  5. A t  D o l f r w y n o g  M .  v e r n a  g ro w s  w i t h  p la n ts  s u c h  a s  C a l lu n a  
v u lg a r i s  w h ic h  a r e  c a lc i f u g e .  I t  w a s  p o in te d  o u t  in  C h a p te r  1 th a t  
R u n e  (1953) h a d  n o te d  th e  a s s o c ia t io n  o f  c a lc ic o le s  a n d  c a lc i fu g e s  o n  
s e r p e n t in e  s o i ls  a n d  t h is  a s s o c ia t io n  is  p r o b a b ly  due to  th e  lo w  
c o m p e t i t io n  c o n d it io n s  in  s u c h  e n v ir o n m e n ts  w h ic h  a l lo w  c e r t a in  
s p e c ie s  to  e x te n d  to  s u b s t r a te s  w i t h  p H  v a lu e s  h ig h e r  o r  lo w e r  th a n  
th o s e  o n  w h ic h  th e y  n o r m a l l y  g r o w .  I t  a p p e a rs  th a t  a t  D o l f r w y n o g  
M .  v e r n a  g ro w s  o n  s u b s t r a te s  w i t h  p H  v a lu e s  lo w e r  th a n  th o s e  on  
w h ic h  i t  n o r m a l l y  o c c u r s  due  to  th e  lo w e r  c o m p e t i t io n  in  t h is  c o p p e r  
r i c h  e n v i r o n m e n t .
A l t h o u g h  M . v e r n a  a p p e a rs  to  h a v e  a b r o a d  p h y s io lo g ic a l  a m p li tu d e  
i n  r e la t i o n  to  p h y s ic a l  a s p e c ts  o f  th e  e n v i r o n m e n t  th e  p la n t  a p p e a rs  
to  be  s o m e w h a t  m o r e  a f fe c te d  b y  h ig h  t o x i c i t y  th a n  s o m e  o f  th e  o th e r  
I n d ic a t o r  s p e c ie s ,  M .  v e r n a  h a s  b e e n  fo u n d  g r o w in g  o n  s p o i l  c o n ta in in g  
h ig h  c o n c e n t r a t io n s  o f  c o p p e r ,  le a d  o r  z in c ,  s o m e t im e s  o c c u r r in g  in  
c o m b in a t io n ,  b u t  h a s  r a r e l y  b e e n  fo u n d  w h e re  th e  p H  o f  th e  s p o i l  v /a s
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b e lo w ’- 7 . 0, u n le s s  th e r e  w e re  c o n c e n t r a t io n s  o f o r g a n ic  m a t t e r  w h ic h  
te n d  to  r e s u l t ,  in  a s l i g h t l y  lo w e r  p H , A t  P lo m b iè r e s  a n d  S to lb e rg  
in  th e  A a c h e n - L ie g e  o r e f ie ld  s p o i l  u n a f fe c te d  b y  o r g a n ic  m a t t e r  
a c c u m u la t io n ,  in  o th e r  w o r d s  s p o i l  in  th e  " a s  d u m p e d "  s ta te ,  s h o w e d  
p H  v a lu e s  b e lo w  6. 7 a n d  o f te n  b e lo w  6. 0. T h e s e  s p o i ls  h a d  h ig h  h e a v y  
m e t a l  c o n c e n t r a t io n s  a n d  i t  w a s  s u g g e s te d  th a t  M . v e r n a  w a s  a b s e n t 
due  to  e x c e s s iv e  t o x i c i t y  r e la t e d  to  th e  g r e a t e r  a v a i la b i l i t y  o f  th e  h e a v y  
m e ta ls  a t  th e  lo w e r  p H . A t  D o l f r w y n o g  th e  s p e c ie s  a p p e a re d  to  be  r a th e r  
m o r e  a f fe c te d  b y  h ig h  c o p p e r  t o x i c i t y  in  th e  s o i l  th a n  A r m e r ia  
m a r i t i m a . In  a d d i t io n  M . v e r n a  d id  n o t g r o w  o n  th e  d u m p s  o f  s la g  a t  
C h a r te r h o u s e ,  t h is  s la g  c o n ta in e d  h ig h  c o n c e n t r a t io n s  o f  le a d  a n d  
h a d  a p H  o f  a r o u n d  5. 0.
I n  th e  B r i t i s h  I s le s  M .  v e r n a  is  a b s e n t  f r o m  c e r t a in  p la c e s  w h e re  th e  
o th e r  in d ic a t o r  s p e c ie s  g r o w ,  C o r n w a l l  w h e re  A .  m a r i t im a  g ro w s  o n  
th e  s p o i l  h e a p s , th e  a l lu v iu m  o f  th e  lo w e r  A fo n  Y s tw y th  w h e re  
T h la s p i  a lp e s t r e  a n d  S ile n e  m a r i t im a  a r e  p r e s e n t  a n d  th e  L la n r w s t  
o r e f ie ld  in  N o r t h  W a le s  w h e r e  T .  a lp e s t r e  o c c u r s .  T h e  t o x ic  a l lu v iu m  
o f  th e  f lo o d  p la in  o f  th e  lo w e r  A fo n  Y s tw y th  s h o w e d  p H  v a lu e s  b e tw e e n  
5 , 5 a n d  5, 9 a n d  i t  s e e m s  v e r y  p ro b a b le  t h a t  t h is  m a t e r i a l  is  to o  t o x ic  
f o r  M .  v e r n a .
In  C o r n w a l l  a n d  a t  L la n r w s t  in  N o r th  W a le s  h o w e v e r  c e r t a in  s a m p le s  
s h o w e d  p H  v a lu e s  a n d  c a lc iu m  c o n c e n t r a t io n s  w i t h in  th e  ra n g e  on  
w h ic h  M .  v e r n a  h a s  b e e n  fo u n d  g r o w in g  o n  s p o i ls  in  o th e r  o r e f ie ld s .
I t  s e e m s  p r o b a b le  th a t  M .  v e r n a  c o u ld  g r o w  o n  t h is  s p o i l  b u t  th e  s p e c ie s  
is  a b s e n t  a t  th e  p r e s e n t  d a y . A  f a c t o r  to  ta k e  in to  c o n s id e r a t io n  in  
t h is  ty p e  o f  s i t u a t io n  is  th e  p o s s ib i l i t y  o f  M .  v e r n a  s u r v iv in g  in  a 
h e a v y  m e ta l  r e f u g iu m  u n t i l  s p o i l  h e a p s  w e re  a v a i la b le  f o r  c o lo n iz a t io n .  
T h e  p re s e n c e  o f  a fe w  c a lc a r e o u s  s p o i l  h e a p s  d o e s  n o t  im p ly  t h a t  th e  
s u r v i v a l  s i te s  f o r  in d ic a t o r  s p e c ie s  in  th e  a r e a  w e r e  s u ita b le  f o r  
th e  g r o w th  o f  M . v e r n a .  I f  th e y  w e re  n o t  th e n  th e  o n ly  w a y  in  w h ic h  
M .  v e r n a  c o u ld  c o lo n iz e  th e  s p o i l  h e a p s  in  th e s e  a r e a s  w o u ld  be b y  
lo n g  d is ta n c e  d is p e r s a l  f r o m  a h e a v y  m e t a l  t o le r a n t  p o p u la t io n  a n d
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h e a v y  m e ta l  t o le r a n t  p o p u la t io n s  o f  th e  s p e c ie s  a re  r a t h e r  r e m o te  f r o m  
b o th  C o r n w a l l  a n d  th e  L la n r w s t  d i s t r i c t .  P o p u la t io n s  w h ic h  a re  
p r o b a b ly  n o t  t o le r a n t  f o r  c o p p e r  o r  le a d  a re  r a t h e r  n e a r e r  a lth o u g h  
s t i l l  s e v e r a l  m i le s  a w a y .  M . v e r n a  o c c u r s  o n  s e r p e n t in e  on  th e  L i z a r d  
in  C o r n w a l l  a n d  g ro w s  a t  h ig h  a l t i t u d e  o n  S n o w d o n  b u t  i t  s e e m s  h ig h ly  
u n l i k e l y  th a t  in d iv id u a ls  f r o m  one o f  th e s e  p o p u la t io n s  c o u ld  s u c c e s s ­
f u l l y  c o lo n iz e  m in in g  s p o i l .
A n  in t e r e s t in g  a s p e c t  o f  th e  d i s t r i b u t io n  r e c o r d s  f o r  M .  v e r n a  is  th a t  
th e y  a p p e a r  to  p r o v id e  e v id e n c e  f o r  c o n t r a c t io n  o f  ra n g e  in  r e s p e c t  o f  
r i p a r i a n  m e t a l l i f e r o u s  h a b i t a t s .  L e e s  (1888) in  h is  F lo r a  o f  W e s t 
Y o r k s h i r e  s ta te s  M .  v e r n a ,  in  th e  a r e a ,  to  be a s p e c ie s  o f  l im e s to n e  
c r a g s  a n d  s p o i l  h e a p s  a n d  a ls o  to  o c c u r  as  a n  a d v e n t iv e  o n  r i v e r  
b a n k s .  H e m e n t io n s  a r e c o r d  f r o m  th e  Y o re  b e lo w  H a c k f a l l  in  
Y o r k s h i r e  w h e re  a d o z e n  o r  m o r e  p la n ts  o c c u r r e d  in  1871. M o d e r n  
r e c o r d s ,  th o s e  o f  th e  B .  S. B .  I .  , c o n ta in  o n ly  one  m e n t io n  o f  M .  v e r n a  
i n  a s i m i l a r  s i t u a t io n  to d a y ,  th e  o c c u r r e n c e  o n  th e  f lo o d p la in  o f  E l l e r  
B e c k  d e s c r ib e d  in  C h a p te r  7 .
I t  w a s  s u g g e s te d  in  C h a p te r  7 th a t  a t  th e  h e ig h t  o f  m in in g  a c t i v i t y  a t  
E l l e r  B e c k  r a t h e r  m o r e  a l lu v iu m  c o n ta in in g  h e a v y  m e ta l  w a s  t r a n s ­
p o r t e d  d o w n s t r e a m  th a n  is  th e  c a s e  a t  th e  p r e s e n t  d a y . In  C h a p te r  
2 i t  w a s  p o in te d  o u t th a t  th e r e  w a s  c o n s id e r a b le  p o l lu t io n  o f  w a te r  
c o u r s e s  in  th e  M e n d ip s  a t  th e  t im e  o f  s m e l t in g  a c t i v i t y  in  th e  
N in e te e n th  C e n tu r y  a n d  th e  f lo o d p la in s  o f  th e  A fo n  Y s tw y th  in  W a le s  
a n d  th e  R iv e r  G h e u l in  B e lg iu m  a n d  H o l la n d  t e s t i f y  to  th e  f a c t  th a t  
c o n s id e r a b le  q u a n t i t ie s  o f  m e t a l l i f e r o u s  a l lu v iu m  w e re  t r a n s p o r t e d  
d o w n  th e s e  s t r e a m s  a ls o .  I t  s e e m s  p r o b a b le  th a t  a t  th e  z e n i th  o f  le a d  
m in in g  in  th e  P e n n in e s  c o n s id e r a b le  q u a n t i t ie s  o f  o r e  t a i l in g s  fo u n d  
t h e i r  w a y  in to  th e  s t r e a m s  o f  th e  a r e a  a n d  w e re  d e p o s ite d  a t  lo w e r  
a l t i t u d e s .  M .  v e r n a  m a y  w e l l  h a v e  m ig r a t e d  d o w n s t r e a m  in  re s p o n s e  
to  th e s e  n e w ly  a v a i la b le  t o x ic  s i t e s .  P e rh a p s  th e  E l l e r  B e c k  a r e a ,  
a p p a r e n t ly  th e  o n ly  p la c e  in  th e  P e n n in e s  w h e re  M . v e r n a  o c c u r s  
to d a y  as  a n  a d v e n t iv e  o n  r i v e r  b a n k s ,  is  a l a s t  e x a m p le  o f  a on ce  
m o r e  w id e s p r e a d  p h e n o m e n o n .
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12 .2  A r m e r ia  m a r i t im a
A r m e r i a  m a r i t im a  in  th e  m e t a l l i f e r o u s  h a b i ta ts  in  w h ic h  i t  o c c u r s  
a p p e a rs  to  be  m o r e  c o m p e t i t iv e  th a n  M . v e r n a  a n d  T h la s p i  a lp e s t r e . 
O n  th e  f lo o d p la in  o f  E l l e r  B e c k  th e  s p e c ie s  g r e w  o v e r  w id e r  a re a s  
a n d  a t  lo w e r  t o x i c i t i e s  th a n  e i t h e r  T .  a lp e s t r e  o r  M . v e r n a . A t  L a  
C a la m in e  A .  m a r i t im a  g re v /  o n  T r ,  2 o n  s p o i l  f r o m  w h ic h  i t  w a s  
s u g g e s te d  th a t  M . v e r n a  w a s  e x c lu d e d  due to  e x c e s s iv e  c o m p e t i t io n  
r e s u l t i n g  f r o m  in s u f f i c ie n t  t o x i c i t y .  A t  D o l f r w y n o g  b o g  in  W a le s  
A .  m a r i t im a .  e x te n d e d  to  s i te s  w i t h  lo w e r  t o x i c i t y  th a n  th o s e  o c c u p ie d  
b y  M .  v e r n a  a n d  th e  p la n t  w a s  a ls o  fo u n d  in  m a n y  o f  th e  s c a t te r e d  
m in e r a l i s e d  lo c a l i t i e s  in  th e  a r e a  f r o m  w h ic h  M . v e r n a  w a s  a b s e n t .
A .  m a r i t im a  is  o f  c o u r s e  w id e s p r e a d  in  c o a s ta l  s i t u a t io n s  a ro u n d  
th e  B r i t i s h  I s le s  w h e re  i t  a p p a r e n t ly  c o m p e te s  s u c c e s s fu l ly  v / i t h  o th e r  
s p e c ie s  fo u n d  in  th e s e  s i t u a t io n s .
T h a t  A .  m a r i t im a  s e e m s  to  be m o r e  c o m p e t i t iv e  th a n  M . v e r n a  is  
p e r h a p s  n o t  s u r p r i s in g ,  a lth o u g h  lo w  g r o w in g  i t  is  a r a t h e r  m o r e  
r o b u s t  p la n t  th a n  M . v e r n a  a n d  a p p e a rs  to  h a v e  c o n s id e r a b le  a b i l i t y  
f o r  l a t e r a l  s p re a d .  A b i l i t y  to  s p re a d  la te r a l ly  w a s  one  o f  th e  p a r a ­
m e t e r s  in c lu d e d  in  th e  c o m p e t i t iv e  in d e x  c a lc u la te d  b y  G r im e  (1974) 
a n d  d is c u s s e d  in  C h a p te r  11 a n d  a lth o u g h  he d id  n o t  c o n s id e r  
A .  m a r i t im a  i t  s e e m s  p r o b a b le  th a t  th e  s p e c ie s  w o u ld  s h o w  a h ig h e r  
c o m p e t i t iv e  in d e x  th a n  M .  v e r n a .
I n  a d d i t io n  to  b e in g  m o r e  c o m p e t i t iv e  th a n  M . v e r n a  A .  m a r i t im a  
a p p e a rs  to  be  a b le  to  g r o w  o n  s u b s t r a te s  o f  h ig h e r  t o x i c i t y .  In  th e  
A a c h e n  L ie g e  o r e f ie ld  th e  s p e c ie s  o c c u r r e d  o n  th e  s p o i l  a t  S to lb e rg  
a n d  P lo m b iè r e s ,  s p o i l  w i t h  p H  v a lu e s  b e lo w  6. 7 a n d  o f te n  b e lo w  6. 0 , 
a n d  a t  D o l f r w y n o g  b o g  in  W a le s  A .  m a r i t im a  g r e w  o n  s u b s t r a te s  w h ic h  
a p p e a re d  to  be  m o r e  to x ic  th a n  th o s e  o c c u p ie d  b y  M . v e r n a . T h e r e  
w a s ,  h o w e v e r ,  e v id e n c e  f r o m  C o r n w a l l  th a t  A .  m a r i t im a  w a s  a b s e n t 
d u e  to  e x c e s s iv e  t o x i c i t y  f r o m  s p o i ls  w i t h  p H  v a lu e s  a ro u n d  4 . 0 .
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A lth o u g h  o f  h ig h e r  c o m p e t i t iv e  a b i l i t y  th a n  M . v e r n a  A .  m a r i t i m a is  
a n  in d ic a t o r  p la n t  o f  r a t h e r  r e s t r i c t e d  ra n g e  on  B r i t i s h  m e t a l l i f e r o u s  
s i t e s .  T h e  s p e c ie s  a p p e a rs  to  h a v e  th e  a b i l i t y  to  d e v e lo p  to le r a n c e  
o f  th e  h e a v y  m e ta ls  c o p p e r ,  le a d  a n d  z in c  a n d  v a r ia t i o n  in  h e a v y  m e ta l  
c o n c e n t r a t io n  a n d  ty p e  d o e s  n o t  s e e m  to  be  im p l ic a t e d  in  i t s  r e s t r i c t e d  
r a n g e .  A .  m a r i t im a  is  g e n e r a l ly  fo u n d  in  th e  B r i t i s h  I s le s  on  
m e t a l l i f e r o u s  s u b s t r a te s  w i t h  c o m p a r a t iv e ly  lo w  c a lc iu m  c o n c e n t r a t io n s  
b u t  th e  s p e c ie s  g r e w  o n  L a  C a la m in e  T r .  2 o n  s p o i l  w i t h  c a lc iu m  
c o n c e n t r a t io n s  in  e x c e s s  o f  100, 000 p p m , a n d  o n  th e  G r e a t  O rm e  n e a r  
L la n d u d n o  in  W a le s  A .  m a r i t im a  g ro w s  o n  c o p p e r  r i c h  s p o i l  h e a p s  
w i t h  c a lc iu m  c o n c e n t r a t io n s  o f  th e  s a m e  o r d e r .
T h e  p H  o f  th e  s p o i l  a t  L a  C a la m in e  T r .  2 w a s  a r o u n d  7 . 5, p H  v a lu e s  
v e r y  s i m i l a r  to  th o s e  o f  m a n y  C a r b o n i f e r o u s  L im e s to n e  s p o i l  h e a p s . 
T h e  c o n c e n t r a t io n s  o f  m a g n e s iu m ,  p o ta s s iu m  a n d  p h o s p h o ro u s  in  the  
s u b s t r a te s  o n  w h ic h  A .  m a r i t im a  h a s  b e e n  fo u n d  a re  v e r y  s i m i l a r  to  
th o s e  o f  m e t a l l i f e r o u s  s u b s t r a te s  in  o th e r  a r e a s  w h e re  th e  s p e c ie s  
d o e s  n o t  o c c u r .  T h e  a b s e n c e  o f  A .  m a r i t im a  f r o m  o r e f ie ld s  s u c h  as 
th e  M e n d ip s  a n d  th e  S o u th e rn  P e n n in e s  d o e s  n o t  a p p e a r  to  be th e  
r e s u l t  o f  th e  c h e m ic a l  c h a r a c t e r i s t i c s  o f  th e  s p o i ls  in  th e s e  a r e a s .
W h e re  A .  m a r i t im a  h a s  b e e n  fo u n d  g r o w in g  o n  s p o i l  th e  s p o i l  w a s  
o f te n  o f  r a t h e r  f in e  t e x t u r e .  T h is  w a s  th e  c a s e  o n  L a  C a la m in e  T r .  2 
a n d  i t  w a s  s u g g e s te d  th a t  A .  m a r i t im a  w a s  a b s e n t  f r o m  L a  C a la m in e  
T r .  1 due  to  th e  c o a rs e  te x tu r e  o f  th e  s p o i l  in  th a t  s i t u a t io n .  T h is  
v /a s  in  a g r e e m e n t  w i t h  th e  o b s e r v a t io n  b y  L a m b r in o n  a n d  A u q u ie r  (1964) 
th a t  A .  m a r i t im a  w a s  a p la n t  o f  th e  s p o i ls  o f  h ig h e r  m o is t u r e  s ta tu s .
A t  G a r r i g i l l  i n  th e  N o r t h e r n  P e n n in e s  th e  s p o i l  o n  w h ic h  A .  m a r i t im a  
g r e w  w a s  a g a in  f in e  in  t e x tu r e  a n d  th e r e  th e  p la n t  w a s  a c c o m p a n ie d  
o n  p a r t s  o f  th e  s p o i l  h e a p  b y  P a r n a s s ia  p a l u s t r i s , m o s t  d e f in i t e ly  a 
s p e c ie s  o f  m o r e  m o is t  h a b i ta ts  a n d  in d ic a t iv e  o f  th e  h ig h  m o is tu r e  
s ta tu s  o n  t h is  s p o i l  h e a p . In d e e d  th e  G a r r i g i l l  s p o i l  h e a p  in  th e  p re s e n c e  
o f  C o c h le a r ia  o f f i c i n a l i s , P a r n a s s ia  p a lu s t r i s  a n d  A .  m a r i t im a  s h o w e d  
s i m i l a r i t i e s  to  th e  r i p a r i a n  m e t a l l i f e r o u s  c o m m u n i t ie s  o f  th e  m o is t  
a l l u v i a l  s i te s  a lo n g  E l l e r  B e c k .
T h e  s p o i l  h e a p s  a t  E l l e r  B e c k  a r e  q u ite  in s t r u c t i v e  in  r e la t io n  to  the  
d i s t r i b u t i o n  o f  A .  m a r i t i m a . T h e  s p e c ie s  w a s  o n ly  p r e s e n t  in  one s m a l l  
a r e a  o n  th e  s p o i l  h e a p s  a n d  t h is  a p p e a re d  to  be  a w e t t e r  th a n  n o r m a l  
s i t e ,  e ls e w h e r e  A .  m a r i t im a  w a s  a b s e n t  f r o m  th e  r a t h e r  c o a rs e  te x tu r e d  
s p o i l .  T h e r e  c a n  be no  s u g g e s t io n  a t  E l l e r  B e c k  th a t  A .  m a r i t im a  is  
a b s e n t  f r o m  th e  s p o i l  h e a p s  due  to  d is p e r s a l  d i f f i c u l t i e s  a n d  i t  s e e m s  
p r o b a b le  t h a t  th e  p h y s ic a l  c h a r a c t e r i s t i c s  o f  th e  s p o i l  w h ic h  le a d  to  
a r i d i t y  a t  c e r t a in  t im e s  a r e  th e  r e a s o n  f o r  th e  a b s e n c e  o f  th e  s p e c ie s .
I t  m u s t  h o w e v e r  be  o b s e r v e d  th a t  th e  s p o i l  a t  P ie c e  in  C o r n w a l l  w h e re  
A .  m a r i t im a  o c c u r r e d  w a s  r a t h e r  m o r e  c o a r s e  te x tu re d  th a n  th a t  a t  
E l l e r  B e c k  b u t  t h is  s i te  is  in  a n  a r e a  o f  h ig h  a tm o s p h e r ic  h u m id i t y  
w h e r e  d r o u g h t  is  le s s  f r e q u e n t  a n d  s e v e re  th a n  in  C e n t r a l  E n g la n d .
I t  a p p e a rs  p r o b a b le  th a t  A .  m a r i t im a  c o u ld  n o t  g r o w  o n  m a n y  o f  th e  s p o i l  
h e a p s  in  a r e a s  s u c h  as  D e r b y s h i r e  a n d  th e  M e n d ip s  due  to  t h e i r  
e x c e s s iv e  a r i d i t y .  T h e r e  m a y  h o w e v e r  be  c e r t a in  p la c e s  in  th e s e  
o r e f ie ld s  w h e re  th e  s p e c ie s  c o u ld  g r o w  b u t  w h e re  i t  is  n o t  p r e s e n t  
d u e  to  d i s p e r s a l  d i f f i c u l t i e s .  I f ,  a s  h a s  b e e n  s u g g e s te d , th e  in d ic a t o r  
p la n t s  c o lo n iz e d  th e  s p o i l  h e a p s  in  c e r t a in  o f  th e  o r e f ie ld s  f r o m  h e a v y  
m e t a l  r é f u g ia  th e n  th e  c h a r a c t e r i s t i c s  o f  th e  r é fu g ia  w o u ld  c o n t r o l  th e  
in d i c a t o r  s p e c ie s  w h ic h  c o u ld  s u r v iv e  in  th e m .  I f ,  a s  a p p e a rs  
p r o b a b le ,  th e  h e a v y  m e t a l  r é f u g ia  in  th e  C e n t r a l  P e n n in e s  w e re  o f  th e  
s o r t  s e e n  o n  th e  l im e s to n e  s c a r p s  a t  E l l e r  B e c k ,  th e n  A .  m a r i t im a ,  
n o t  p r e s e n t  in  s u c h  l o c a l i t i e s  a t  E l l e r  B e c k ,  w o u E  p r o b a b ly  n o t  h a v e  
m a n a g e d  to  s u r v iv e  in  th e m .  T h is  is  a n  in t e r e s t in g  p o in t .  I f  lo n g  
d is ta n c e  d is p e r s a l  o f  th e  in d ic a t o r  s p e c ie s  is  r e je c te d  a s  a  w id e ly  
o p e r a t in g  p h e n o m e n o n  th e n  th e  s p e c ie s  c o m p le m e n t  o f  a n  o r e f ie ld  
a t  th e  p r e s e n t  d a y  m a y  be a f u n c t io n  o f  th e  n a tu r e  o f  the  r e f u g iu m  
r a t h e r  th a n  o f  th e  s i te s  a t  p r e s e n t  a v a i la b le .
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12, 3 Thlaspi  a lpestre
O n  m e t a l l i f e r o u s  s u b s t r a te s  a s s o c ia te d  w i t h  th e  C a r b o n i fe r o u s  L im e s to n e  
T .  a lp e s t r e  is  m o r e  w id e s p r e a d  th a n  A .  m a r i t im a  b u t  o f  le s s  r e g u la r  
o c c u r r e n c e  th a n  M .  v e r n a . In  th e  P e n n in e s  i t  is  u n u s u a l to  f in d  a s p o i l  
h e a p  w h e re  b a re  s p o i l  is  s t i l l  p r e s e n t  b u t M . v e r n a  is  a b s e n t.  T h is  is  
n o t  t r u e  f o r  T .  a lp e s t r e  a n d  e s p e c ia l ly  so  in  th e  n o r t h e r n  p a r t  o f  th e  
S o u th e rn  P e n n in e  o r e f ie ld  w h e re  T .  a lp e s t r e  is  a b s e n t  f r o m  a la r g e  
a r e a .  A  p o s s ib le  e x p la n a t io n  f o r  t h is  w a s  d is c u s s e d  in  C h a p te r  7 .
T .  a lp e s t r e  a p p e a rs  to  be m o r e  t o le r a n t  o f  h ig h  t o x i c i t y  th a n  M . v e r n a . 
T h e  s p e c ie s  o c c u r r e d  o n  th e  s p o i l  h e a p s  a t  P lo m b iè r e s  a n d  S to lb e r g  
in  th e  A a c h e n - L ie g e  o r e f ie ld  w h ic h  a p p e a re d  to  be  q u ite  t o x ic  a n d  a ls o  
o n  th e  s la g  a t  C h a r te r h o u s e  in  th e  M e n d ip s  w h e re  M . v e r n a  w a s  n o t  
p r e s e n t .  In  th e  L la n r w s t  o r e f ie ld  T .  a lp e s t r e  g r e w  o n  s p o i l  w i t h  p H  
v a lu e s  a b o v e  6 . 0 a n d  c a lc iu m  c o n c e n t r a t io n s  a b o v e  1, 300 p p m . T h e r e  
w a s  e v id e n c e  in  t h is  l o c a l i t y  th a t  w h e re  p H  a n d  c a lc iu m  v a lu e s  f e l l  
b e lo w  th e s e  le v e ls  T .  a lp e s t r e  w a s  e x c lu d e d  b y  e x c e s s iv e  t o x i c i t y .
T .  a lp e s t r e  is  o f te n  fo u n d  g r o w in g  w h e re  th e r e  is  s u b s ta n t ia l  o r g a n ic  
m a t t e r  a c c u m u la t io n  in  th e  s p o i l .  T h is  w a s  th e  c a s e  a t  S h ip h a m  in  
th e  M e n d ip s  a n d  a t  B o n s a l l  M o o r  a n d  B r a s s in g to n  in  th e  S o u th e rn  
P e n n in e s .  I n  th e s e  S o u th e rn  P e n n in e  lo c a l i t i e s  o r g a n ic  c a rb o n  w a s  
p r e s e n t  in  a m o u n ts  e x c e e d in g  20% . M . v e r n a  is  g e n e r a l ly  a b s e n t  in  
t h is  ty p e  o f  s i t e .
T .  a lp e s t r e  te n d s  to  be o f  r a t h e r  s p o r a d ic  o c c u r r e n c e ,  M . v e r n a  is  
o f te n  p r e s e n t  o n  s p o i l  in  f a i r l y  e x te n s iv e  c o m m u n i t ie s  b u t i t  is  n o t  
u n u s u a l to  f in d  T . a lp e s t r e  as  is o la te d  in d iv id u a ls  o c c u r r in g  h e re  a n d  
t h e r e .  I t  is  d i f f i c u l t  to  d e te c t  a c o n s is te n t  t r e n d  in  th e  d i s t r i b u t io n  o f  
t h is  s p e c ie  s . In  D e r b y s h i r e  f o r  e x a m p le  th e  s p e c ie s  te n d e d  to  o c c u r  
o n  th e  s i te s  w i t h  lo w  C a /H M  r a t io s  s u g g e s t in g  th a t  i t  m ig h t  be  le s s  
c o m p e t i t iv e  th a n  M . v e r n a  b u t  a t  S h ip h a m  in  th e  M e n d ip s  T .  a lp e s t r e  
g r e w  o n  s p o i l  o n  w h ic h  c o lo n iz a t io n  w a s  w e l l  d e v e lo p e d  a n d  f r o m
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w h ic h  M .  v e r n a  s e e m e d  to  be  e x c lu d e d  b y  e x c e s s iv e  c o m p e t i t io n  r e la te d  
t o  i n s u f f i c i e n t  t o x i c i t y .  I n  th e  M e n d ip s  T .  a lp e s t r e  w a s  p r e s e n t  a t  
S h ip h a m  a n d  C h a r te r h o u s e  b u t  n o t  o n  th e  a p p a r e n t ly  s u i ta b le  t o x ic  s p o i l  
a t  S to c k  H i l l .  T h e r e  a r e  d is p e r s a l  p r o b le m s  f o r  t h is  s p e c ie s  w h ic h  
w e r e  d is c u s s e d  in  C h a p te r  7 a n d  th e s e  m a y  r e s t r i c t  i t s  d is t r ib u t io n .  
E s s e n t i a l l y ,  h a v in g  s ta te d  th a t  h e a v y  m e ta l  c o n c e n t r a t io n s  in  th e  
s u b s t r a te  a r e  im p o r t a n t  in  d e te r m in in g  th e  o v e r a l l  d is t r i b u t io n  o f  
T h la s p i  a lp e s t r e  i t  is  d i f f i c u l t  to  p ro c e e d  m u c h  f u r t h e r .  I t  s e e m s  
p o s s ib le  t h a t  q u ite  m in o r  v a r ia t io n s  in  th e  p h y s ic a l  a n d  c h e m ic a l  n a tu r e  
o f  th e  m e t a l l i f e r o u s  s u b s t r a te s  m a y  g r e a t ly  in f lu e n c e  th e  d is t r i b u t io n  o f  
T .  a l p e s t r e .
A s  w i t h  M .  v e r n a  th e r e  a p p e a rs  f o r  T .  a lp e s t r e  to  be  e v id e n c e  f o r  r e c e n t  
c o n t r a c t io n  o f  r a n g e .  L e e s  (1888) i n  h is  F lo r a  o f  W e s t  Y o r k s h i r e  
m e n t io n s  th e  o c c u r r e n c e  o f  th e  s p e c ie s  o n  " e a r t h y  b a n k s  a n d  fo o t  o f  
w a l l s  in  M a lh a m  v i l la g e  a n d  d o w n  b y  th e  s t r e a m  ( th e  R iv e r  A i r e )  n e a r b y  
to  A i r t o n " .  T h e  d a te  o f  th e  r e c o r d  is  1737. C o n te m p o r a r y  r e c o r d s  do  
n o t  m e n t io n  th e  p re s e n c e  o f  th e  s p e c ie s  in  M a lh a m  v i l l a g e  a n d  a  s e a r c h  
o f  th e  r i v e r  b a n k  to  A i r t o n  f a i le d  to  lo c a te  th e  s p e c ie s .  T h e  r e c o r d  
p r e d a te s  b y  70 y e a r s  th e  u s e  o f  b u i ld in g s  in  M a lh a m  v i l la g e  f o r  c a lc in in g  
o r e  f r o m  th e  C a la m in e  M in e  a n d  h e a v y  m e ta l  t o x i c i t y ,  i f  th a t  w a s  th e  
c o n t r o l l i n g  f a c t o r  in  th e  o c c u r r e n c e  o f  th e  spec ies  a t  M a lh a m ,  c o u ld  
n o t  h a v e  b e e n  d e r iv e d  f r o m  th a t  s o u r c e .  I t  s e e m s  p o s s ib le  th a t  th e r e  
i s  f o r  M a lh a m  v i l la g e  a lo n g  h i s t o r y  o f  o r e  t r e a t m e n t  a n d  th e  1737 
o c c u r r e n c e  m a y  be  r e la t e d  to  a p r e v io u s  m in in g  e p is o d e .  A l t e r n a t i v e l y  
t o x i c  m a t e r i a l  c o u ld  c o n c e iv a b ly  h a v e  b e e n  w a s h e d  d o w n  to  M a lh a m  
t h r o u g h  th e  s u b te r r a n e a n  d r a in a g e  s y s te m  f r o m  o r e  t r e a tm e n t  o p e ra t io n s  
e ls e w h e r e .  I f  t o x i c i t y  is  ta k e n  to  b e  th e  c a u s e  o f  th e  o c c u r r e n c e  o f 
T .  a lp e s t r e  in  M a lh a m  v i l l a g e  in  th e  p a s t  a n d  t h is  s e e m s  r e a s o n a b le  
i n  v ie w  o f  th e  c lo s e  a s s o c ia t io n  o f  th e  s p e c ie s  w i t h  m e t a l l i f e r o u s  
h a b i t a t s  in  th e  a r e a ,  th e n  th is  o ld  r e c o r d  m a y  w e l l  r e p r e s e n t  a f u r t h e r  
i n d ic a t io n  o f  th e  q u ite  w id e s p r e a d  d is s e m in a t io n  o f  t o x i c i t y  in  th e  
n e ig h b o u r h o o d s  o f  th e  o r e f ie ld s  f o r m e r l y .
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12. 4 Silene m a r i t im a
T h is  in d ic a t o r  s p e c ie s  w a s  fo u n d  o n ly  in  th e  M e n d ip s ,  on  th e  A fo n  
Y s tw y th  a n d  a t D o l f r w y n o g  in  W a le s .  In  th e  M e n d ip s  the  s p e c ie s  g r e w  
o n  s p o i l  w i t h  h ig h  le a d  o r  z in c  c o n c e n t r a t io n s  a n d  a t D o l f r w y n o g  
S. m a r i t im a  g r e w  on  s u b s t r a te s  w i t h  h ig h  le v e ls  o f  c o p p e r .  T h e  s p e c ie s  
th u s  a p p e a rs  to  h a v e  a n  a b i l i t y  to  d e v e lo p  to le r a n c e  to  th e  h e a v y  m e ta ls  
c o p p e r ,  le a d  a n d  z in c .
A t  S to c k  H i l l  in  th e  M e n d ip s  S. m a r i t im a  w a s  w id e s p r e a d  o n  th e  m o s t  
c o a r s e  te x tu r e d  s p o i l  e n c o u n te re d  in  th e  c o u rs e  o f  th is  s tu d y  a n d  i t  
d o e s  n o t  a p p e a r  to  be th e  c a s e  th a t  th e  s p e c ie s  is  a b s e n t f r o m  th e  s p o i l  
h e a p s  in  m a n y  a re a s  due to  a n  i n a b i l i t y  to  g r o w  in  r e l a t i v e l y  a c id  
e n v i r o n m e n ts .  A t  S to c k  H i l l  th e  s p e c ie s  w a s  v / id e s p re a d  o n  th e  s p o i l  
h e a p  w h i le  M .  v e r n a  w a s  r e s t r i c t e d  to  a r e la t i v e l y  s m a l l  a re a  a n d  i t  
a p p e a rs  th a t  S. m a r i t im a  m a y  be m o r e  c o m p e t i t iv e  th a n  M . v e r n a .
A t  C h a r te r h o u s e  in  th e  M e n d ip s  S. m a r i t im a  g r e w  o n  th e  to x ic  s la g  
p r o d u c e d  b y  N in e te e n th  C e n tu r y  r e w o r k in g  o p e r a t io n s  a n d  i t  a p p e a rs  
th a t  th e  s p e c ie s  is  r a t h e r  m o r e  r e s is t a n t  to  t o x i c i t y  th a n  M . v e r n a .
I t  is  d i f f i c u l t  to  e x p la in  w h y  S. m a r i t im a  s h o u ld  be a b s e n t  f r o m  m a n y  
s p o i l  a re a s  in  th e  P e n n in e s  w h ic h  h a v e  h e a v y  m e ta l ,  c a lc iu m  a n d  
n u t r ie n t  c o n c e n t r a t io n s  a n d  t e x t u r a l  c h a r a c t e r i s t i c s  v e r y  s im i l a r  to  
th o s e  o f  i t s  s i te s  in  th e  M e n d ip s .  I t  s e e m s  p o s s ib le  th a t  th e  a b s e n c e  
o f  S. m a r i t im a  f r o m  m o s t  s p o i l  h e a p s  on  th e  C a r b o n i f e r o u s  L im e s to n e  
a r e a s  o f  th e  P e n n in e s  is  due to  d i f f i c u l t i e s  o f  d is p e r s a l  to  th e s e  
lo c a l i t i e s .
12. 5 C o c h le a r ia  o f f i c in a l i s
C o c h le a r ia  o f f i c in a l i s  h a s  b e e n  fo u n d  g r o w in g  in  m e t a l l i f e r o u s  lo c a l i t i e s  
a t  E l l e r  B e c k ,  D i r t l o w  R a k e  in  D e r b y s h i r e  a n d  G a r r i g i l l  in  the  
N o r t h e r n  P e n n in e  s . U n l ik e  th e  o th e r  in d ic a t o r  s p e c ie s  C . o f f i c in a l i s  
h a s  n o t  b e e n  fo u n d  g r o w in g  in  s u b s t r a te s  c o n ta in in g  s u b s ta n t ia l  c o n ­
c e n t r a t io n s  o f  c o p p e r .
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A t  E l l e r  B e c k  C . o f f i c in a l i s  w a s  o n ly  fo u n d  in  s i te s  w h ic h  a p p e a re d  to  be 
r e la t i v e l y  m o is t  o n e s  a n d  i t  h a s  b e e n  s u g g e s te d  p r e v io u s ly  th a t  th e  
s p o i l  h e a p  a t  G a r r i g i l l  h a s  s i m i l a r  c h a r a c t e r i s t i c s .  A t  G a r r i g i l l  
C . o f f i c in a l i s  w a s  p r e s e n t  in  g r e a t e r  a b u n d a n c e  o n  th e  n o r t h  s id e  o f th e  
s p o i l  h e a p  th a n  on  th e  s o u th  s id e  a n d  a t  D i r t l o w  R a k e  in  D e r b y s h ir e
C . o f f i c in a l i s  w a s  c o n f in e d  to  a n o r t h  fa c in g  u n s ta b le  s lo p e  on  the  s p o i l .  
C la p h a m  (1969) o b s e r v e d  th a t  in  D e r b y s h i r e  C . o f f i c in a l i s  w a s  a s p e c ie s  
o f  s p o i l  h e a p s  a n d  n o r t h  fa c in g  c l i f f s  o n  th e  C a r b o n i f e r o u s  L im e s to n e ,
I t  a p p e a rs  th a t  C . o f f i c in a l i s  is  r a t h e r  s e n s i t iv e  to  a r i d i t y  a n d  i t  a p p e a rs  
th a t ,  as  w a s  th e  c a s e  f o r  A .  m a r i t i m a , th is  is  p r o b a b ly  th e  r e a s o n  f o r  
th e  a b s e n c e  o f  th e  s p e c ie s  f r o m  m a n y  s p o i l  h e a p s .
12. 6_________ T h e  " h e a v y  m e t a l  r e f u g iu m "
In  v a r io u s  c h a p te r s  th e  h y p o th e s is  o f  th e  m e ta l l i f e r o u s  s u r v iv a l  s i t e ,  th e  
" h e a v y  m e t a l  r e f u g iu m "  h a s  b e e n  a d v a n c e d . A s  m e n t io n e d  in  C h a p te r  1 
H e im a n s  ( i9 6 0 )  a n d  S c h u ltz  (1912) s u g g e s te d  a f o r m e r  w id e s p r e a d  
d i s t r i b u t i o n  in  th e  la te  G la c ia l  o f  th e  in d ic a t o r  s p e c ie s  a n d  p o s tu la te d  
t h e i r  s u r v i v a l  t i l l  r e c e n t ly  o n  th e  o u tc r o p s  o f  o r e - b o d ie s ,  n o w  m in e d  
o u t ,  o n  th e  s p o i l  h e a p s  o f  w h ic h  th e y  o c c u r  to d a y .  A n to n o v ic s  e t  a l  
(1971) s u g g e s te d  th a t  m a n y  o r e b o d ie s  h a d  n o  s u r fa c e  e x p r e s s io n  a n d  
c o u ld  n o t  be s u r v i v a l  s i te s  f o r  th e  in d ic a t o r  s p e c ie s  a n d  h y p o th e s is e d  
d is p e r s a l  f r o m  d is ta n t  p o p u la t io n s  to  the  lo w la n d  m in e  s i te s  o f  N o r th  
W e s te r n  E u r o p e .  T h e s e  v ie w p o in t s  a re  d ia m e t r i c a l l y  o p p o s e d .
T h e  o b je c t io n s  to  th e  s u g g e s t io n s  o f  A n to n o v ic s  e t  a l  (1971) w e re  p u t 
f o r w a r d  in  C h a p te r  1 a n d , to  r e i t e r a t e ,  th e  b a s ic  p r o b le m  w i t h  lo n g  
d is ta n c e  d is p e r s a l  is  one  o f  c r e d i b i l i t y .  I t  is  f e l t  i t  is  o r  s h o u ld  be a 
" h y p o th e s is  o f  la s t  r e s o r t ,  "  a n d  in  t h is  c a s e  th e r e  a p p e a rs  to  be n o  
r e a s o n  to  r e s o r t  to  i t .  T h e  e x p la n a t io n s  o f  S c h u ltz . .(1912) and  H e im a n s  
( i9 6 0 ) ,  w i t h  m o d i f i c a t io n s ,  a p p e a r  q u ite  a d e q u a te .
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O ne  o f  th e  b u t r e s s e s  o f  th e  a r g u m e n t  o f  A n to n o v ic s  e t  a l  (1971) w a s  
th a t  m a n y  o r e b o d ie s  h a d  no  f o r m e r  s u r fa c e  e x p r e s s io n .  T h is  o b s e r ­
v a t io n  a p p e a rs  f o r  m a n y  B r i t i s h  m in e r a l is a t io n s  in  the  C a r b o n i f e r o u s  
L im e s to n e  q u ite  re a s o n a b le  b u t  th e  s i t u a t io n  in  th e  A a c h e n - L ie g e  a r e a  
m a y  h a v e  b e e n  d i f f e r e n t .  R a y m o n d  (1887) c i te s  a p a p e r  b y  B r a u n  
(1854) r e f e r r i n g  to  th e  c a la m in e  v e g e ta t io n  o f  th e  A a c h e n - L ie g e  a r e a .  
B r a u n  (1854) w r o te  " i n  c o m p a n y  w i t h  V io la  c a la m in a r ia  a re  fo u n d  
s e v e r a l  o th e r  p la n ts  c h a r a c t e r i s t i c  f o r  th e  c a la m in e  h i l l s ,  a m o n g  
w h ic h  I  w i l l  s p e c ia l ly  n a m e  A ls in e  v e r n a  (M in u a r t ia  v e r n a ) . A r m e  r ia  
v u lg a r i s  (A r m e r ia  m a r i t im a )  a n d  T h la s p i  a lp e s t r e "  a n d  w e n t  o n  to  
s ta te  " th e  o c c u r r e n c e  o f  V io la  c a la m in a r ia  in  a r e la t io n  so c o n s ta n t  to  
th e  z in c r c o n te n ts  o f  th e  s o i l  th a t  s u c c e s s fu l  m in in g  e x p lo r a t io n s  a re
u n d e r ta k e n  o n  th is  s ig n  a lo n e  h a s  le d  m e .............." .  I t  a p p e a rs  f r o m  th is
t h a t  V io la  c a la m in a r ia  m a y  w e l l  h a v e  in d ic a te d  th e  p re s e n c e  o f  z in c  
d e p o s its  in  th e  A a c h e n - L ie g e  a r e a  b u t  th e  s i t u a t io n  in  r e la t io n  to  th e  o th e r  
i n d ic a t o r  s p e c ie s  is  a m b ig u o u s .  I t  is  v e r y  m u c h  s u s p e c te d  th a t  th e  
a u th o r  in  u s in g  th e  p h ra s e  c a la m in e  h i l l s  is  r e f e r r i n g  to  s p o i l  h e a p s .
I f  n o t  th e n  th e  im p l i c a t io n  is  th a t  th e  o th e r  in d ic a t o r  s p e c ie s  o c c u r r e d  
w id e ly  o n  o re  o u tc r o p s .
W h a te v e r  th e  s i t u a t io n  in  th e  A a c h e n - L ie g e  a r e a  th e r e  a p p e a rs  to  be 
n o  d o c u m e n ta r y  e v id e n c e  f o r  th e  u s e  o f  th e  in d ic a t o r  s p e c ie s  in  th e  
s e a r c h  f o r  o r e  b o d ie s  o n  th e  C a r b o n i f e r o u s  L im e s to n e  in  B r i t a i n  a n d  
th e  in fe r e n c e  . to  be d r a w n  f r o m  th is  is  th a t  th e y  d id  n o t  o c c u r  
s u f f i c ie n t l y  w id e ly  to  be so  e m p lo y e d .
T h e r e  is  a d d i t io n a l  e v id e n c e  o f  a c i r c u m s t a n t ia l  n a tu r e .  T h e  a c c u m u la t io n  
o f  p e a t  a n d  t u r f  o n  th e  R o m a n  m in in g  w a s te  a t  C h a r te r h o u s e  a n d  th e  
d e v e lo p m e n t  o f  c lo s e d  h e rb a c e o u s  v e g e ta t io n  o n  s o m e  o f  th e  q u ite  t o x ic  
s p o i l  h e a p s  in v e s t ig a te d  in  th e  c o u r s e  o f  t h is  s tu d y  th r o w s  d o u b t u p o n  
th e  lo n g  t e r m  e f fe c t iv e n e s s  o f  t o x i c i t y  a lo n e  in  th e  m a in te n a n c e  o f  
in d ic a t o r  p la n t  c o m m u n i t ie s .  A d d i t io n a l l y  in  s o m e  a re a s  th e  o r e  
d e p o s its  w e re  c o v e r e d  b y  g la c ia l  t i l l ,  i n  o th e r s  b y  m a t e r ia ls  o f  a e o l ia n
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o r i g i n  a n d  in  th e  N o r t h e r n  P e n n in e s  b y  p e a t,  h e n c e  th e  u se  o f h u s h in g  
to  f a c i l i t a t e  t h e i r  d is c o v e r y .  I n  m a n y  a r e a s  th e  v e in s  w e re  n a r r o w  
a n d  s u b je c t  to  s h a d in g  b y  t r e e s  a n d  l a s t l y  th e  R e v e re n d  J o s e p h  G la n v i l  
o f  F r o m e  ( in  G o u g h , 1930) w r o te  th a t  th e r e  w a s  to  h is  k n o w le d g e  no 
s u r e  s u r fa c e  in d ic a t io n  o f  m in e r a l i s a t io n .  A l l  in  a l l  th e r e  s e e m s  no 
r e a s o n  to  s u p p o s e  th a t  th e  v e in s  t r a v e r s e d  th e  c o u n t r y s id e ,  c u t  
a c r o s s  th e  g e n e r a l  p la n t  c o m m u n i t ie s ,  a n d  w e re  c o v e r e d  b y  in d ic a t o r  
p la n t s .
T h e  s tu d y  h a s  s h o w n  th e  in d ic a t o r  s p e c ie s  to  p e r s i s t  o n  c e r t a in  s p o i l  
h e a p s  w h e re  i n s t a b i l i t y  is  p r e s e n t  w h e n  s u r r o u n d in g  a r e a s  a r e  
c o m p le t e ly  c o lo n iz e d  to  t h e i r  e x c lu s io n .  In  a d d i t io n  t o x i c i t y  le v e ls  
i n  s u c h  lo c a l i t i e s  a re  s o m e t im e s  a m o n g s t  th e  lo w e s t  r e c o r d e d  in  th e  
p a r t i c u l a r  o r e f ie ld ,  th e  H ig h  R a k e  t r a n s e c t  in  D e r b y s h i r e  f o r  e x a m p le .  
T h u s  in  a n a t u r a l  s i t u a t io n  w h e re  e v e n  m o d e r a te  t o x i c i t y  c o in c id e d  w i t h  
i n s t a b i l i t y  c e r t a in  in d ic a t o r  s p e c ie s  c o u ld  h a v e  s u r v iv e d  f r o m  th e  L a te  
G la c ia l  p e r io d  to  th e  t im e  o f  o n s e t  o f  m in in g  a c t i v i t y ,  u n a f fe c te d  b y  
s u c c e s s io n  a s s o c ia te d  w i t h  o r g a n ic  m a t t e r  a c c u m u la t io n  in  th e  s o i l  
a n d  a ls o  s h a d in g  b y  t r e e s .  T h e  m o d i f i c a t io n  o f  th e  s u g g e s t io n  o f 
H e im a n s  ( i9 6 0 )  t h a t  th e  in d ic a t o r  p la n ts  s u r v iv e d  in  m e t a l  r i c h  a re a s  
w h e r e  t r e e s  c o u ld  n o t g r o w  is  th e  p o s tu la t io n  o f  a p a r t i c u la r  ty p e  o f  
s i t e  in w h ic h  th e  e v id e n c e  s u g g e s ts  t h is  c o u ld  h a v e  o c c u r r e d .  F r o m  
th e s e  h e a v y  m e t a l  r é f u g ia  th e  in d ic a t o r  s p e c ie s  s u b s e q u e n t ly  s p re a d  
to  th e  m in in g  s p o i l  h e a p s  u p o n  w h ic h  th e y  a r e  a b u n d a n t to d a y .  A  f e a tu r e  
in h e r e n t  in  th e  r e f u g iu m  h y p o th e s is  is  th a t  th e  in d ic a t o r  s p e c ie s  
c o m p le m e n t  o f  a n  o r e f ie ld  a t  th e  p r e s e n t  d a y  m ig h t  b e  r e la t e d  to  th e  
h a b i t a t  c h a r a c t e r i s t i c s  o f  th e  r e f u g iu m  r a t h e r  th a n  to  th e  n a tu r e  o f  
c o n te m p o r a r y  m e t a l l i f e r o u s  s i te s .
T h e  " h e a v y  m e t a l  r e f u g iu m "  m o s t  t y p ic a l  o f  C a r b o n i f e r o u s  L im e s to n e  
a r e a s  w o u ld  be th e  m in e r a l i s e d  o u tc r o p  on  a l im e s to n e  s c a r p ,  a 
h a b i t a t  s i m i l a r  to  th o s e  o n  H a w  B a n k  a n d  I v y  S c a r  a t  E l l e r  B e c k  a t  
th e  p r e s e n t  b u t  r é fu g ia  o f f e r in g  i n s t a b i l i t y  a s s o c ia te d  w i t h  r i v e r  c o u r s e s
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m a y  h a v e  b e e n  p r e s e n t  on  th e  A fo n  Y s tw y th  a n d  a g a in  a t  E l l e r  B e c k .
T h e  m in e r a l i s e d  p e a t b o g  a t  D o l f r w y n o g  r e p r e s e n ts  a f u r t h e r ,  a n d  f o r  
th e  B r i t i s h  I s le s  a p p a r e n t ly  u n iq u e ,  ty p e  o f  r e fu g iu m .
T h is  is  n o t  to  s u g g e s t  th a t  a l l  h e a v y  m e ta l  t o le r a n t  p o p u la t io n s  o f  
i n d ic a t o r  s p e c ie s  h a v e  s u r v iv e d  f r o m  th e  L a te  G la c ia l  in  a r e fu g iu m  
o f  one  s o r t  o r  a n o th e r .  W h e re  m e t a l l i f e r o u s  s i te s  a r e  a d jo in e d  b y  
a r e a s  s u p p o r t in g  n o n - t o le r a n t  p o p u la t io n s  o f  th e  in d ic a t o r  s p e c ie s  th e re  
s e e m s  n o  r e a s o n  to  s u p p o s e  th a t  m o r e  r e c e n t  d e v e lo p m e n t  o f  to le r a n c e  
m a y  n o t  h a v e  ta k e n  p la c e .
12. 7_________ T h e  r o le  o f  h e a v y  m e ta l  s u b s t r a te s  in  th e  t o t a l  ra n g e  o f  th e
in d ic a t o r  s p e c ie s
T h r e e  o f  th e  in d ic a t o r  s p e c ie s ,  A r m e r ia  m a r i t i m a , S ile n e  m a r i t im a  
a n d  C o c h le a r ia  o f f i c in a l i s  a re  w id e s p r e a d  in  c o a s ta l  s i t u a t io n s  in  the  
B r i t i s h  I s le s  a n d  N o r th  W e s te r n  E u r o p e ,  o c c u r r in g  o n  s h in g le  b a n k s , 
se a  c l i f f s  a n d  s a l t  m a r s h e s .  H e a v y  m e ta l  t o x i c i t y  d o e s  n o t a p p e a r  to  
in f lu e n c e  th e  d is t r ib u t io n s  o f  th e  s p e c ie s  in  s u c h  s i t u a t io n s .
In la n d  th e s e  th r e e  s p e c ie s  a n d  a ls o  M in u a r t ia  v e r n a  a n d  T h la s p i  
a lp e s t r e  g r o w  in  a n u m b e r  o f  p la c e s ,  c e r t a in  o f w h ic h  a p p e a r  n o t to  be 
a s s o c ia te d  w i t h  h ig h  c o n c e n t r a t io n s  o f  h e a v y  m e t a l  in  th e  s o i l .
M .  v e r n a  o c c u r s  in  a p p a r e n t ly  u n m in e r a l is e d  lo c a l i t i e s  o n  m o u n ta in  
to p s  in  S n o w d o n ia  a n d  th e  L a k e  D i s t r i c t  a n d  a ls o  in  th e  A r c t i c - A lp in e  
r é fu g ia  o f  U p p e r  T e e s d a le  w h e re  A . m a r i t im a  is  a ls o  p r e s e n t .
In  o th e r  a re a s  h o w e v e r  h e a v y  m e ta ls  s e e m  v e r y  im p o r t a n t  in  th e  
p r o v is io n  o f  s i te s  f o r  th e  in d ic a t o r  s p e c ie s .  In  th e  M e n d ip s  M .  v e r n a  
a p p e a rs  to  o c c u r  o n ly  on  s i te s  w h e re  th e r e  a re  s u b s ta n t ia l  h e a v y  m e ta l  
c o n c e n t r a t io n s  in  th e  s o i l  a n d  th is  a p p e a rs  to  be a ls o  th e  ca s e  f o r  
S. m a r i t im a  a n d  T .  a lp e s t r e  in  th e  a r e a .
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I n  D e r b y s h i r e  T .  a lp e s t r e  s e e m s  to  be v e r y  c lo s e ly  a s s o c ia te d  w i th  
m e t a l l i f e r o u s  s u b s t r a te s  a n d  i t  a p p e a rs  v e r y  p r o b a b le  th a t  th e  s p e c ie s  
o n ly  o c c u r s  in  th e  c o u n ty  o n  s u b s t r a te s  w h ic h  c o n ta in  s u b s ta n t ia l  
a m o u n ts  o f  h e a v y  m e ta ls .  T h e  s i t u a t io n  f o r  M . v e r n a  in  th e  a re a  is  
le s s  c le a r .  T h e r e  a p p e a r  to  b e  s o m e  q u ite  f i r m  r e c o r d s  f r o m  p la c e s  
i n  D e r b y s h i r e  w h e re  M . v e r n a  w a s  n o t fo u n d  o n  m in e  s p o i l  b u t  as  h a s  
b e e n  d e m o n s t r a te d  i t  is  p o s s ib le  th a t  th e s e  lo c a l i t i e s  a re  m e t a l l i f e r o u s  
a n d  h a v e  n o t  b e e n  r e c o g n is e d  as  s u c h .
N o r t h w a r d s  in  th e  P e n n in e s  f r o m  D e r b y s h i r e  th e r e  a re  m a n y  m o r e  
r e c o r d s  f o r  th e  in d ic a t o r  s p e c ie s  T .  a lp e s t r e  a n d  M . v e r n a , e s p e c ia l ly  
th e  l a t t e r ,  f r o m  s i te s  w h ic h  do  n o t  a p p e a r  to  be m in e r a l is e d .  A s  h a s  
b e e n  m e n t io n e d  th e  s o i ls  o f  th e  r é f u g ia  o f  U p p e r  T e e s d a le  w h e re  
M .  v e r n a  g ro w s  a p p e a r  n o t  to  c o n ta in  h ig h  c o n c e n t r a t io n s  o f  h e a v y  
m e ta ls  b u t  a s  h a s  b e e n  s h o w n  in  th e  M a lh a m  d i s t r i c t  b o th  M .  v e r n a  
a n d  T .  a lp e s t r e  f r e q u e n t ly  o c c u r  in  lo c a l i t i e s  w h ic h  h a v e  e v e r y  a p p e a r ­
a n c e  o f  b e in g  n o r m a l  b u t  in  w h ic h  h e a v y  m e t a l  c o n c e n t r a t io n s  m a y  be 
s l i g h t l y  o r  in  s o m e  c a s e s  s u b s t a n t ia l l y  a b o v e  b a c k g ro u n d  le v e ls .  I t  
m a y  be th e  c a s e  th a t  c o n c e n t r a t io n s  o f  h e a v y  m e ta ls  in  th e  s o i l  a re  
a n  e v e n  g r e a t e r  in f lu e n c e  o n  th e  d i s t r i b u t io n  o f  th e s e  tw o  s p e c ie s  
th a n  h a s  p r e v io u s ly  b e e n  r e c o g n is e d .
A t  E l l e r  B e c k  A .  m a r i t im a  a n d  C , o f f i c in a l i s  w e r e  o n ly  fo u n d  g r o w in g  
o n  s u b s t r a te s  w i t h  a b o v e  n o r m a l  c o n c e n t r a t io n s  o f  h e a v y  m e ta ls .
B o th  th e s e  s p e c ie s  o c c u r  in  o th e r  p la c e s  in  th e  P e n n in e s  w h ic h  h a v e  
n o t  b e e n  v i s i t e d  in  th e  c o u r s e  o f  t h is  s tu d y  a n d  i t  s e e m s  p o s s ib le  th a t  
c e r t a in  o f fb e s e  s i te s  a r e  a ls o  m in e r a l is e d .
12. 8_______ T h e  in d ic a t o r  s p e c ie s  as  in d ic a t o r s  o f  h e a v y  m e ta ls
I n  m a n y  p la c e s  in  E n g la n d ,  W a le s  a n d  th e  A a c h e n - L ie g e  a r e a  th e  
in d ic a t o r  s p e c ie s  a r e  o p e r a t in g  as  in d ic a t o r s  o f  o ld  m in e s  r a t h e r  th a n  
o f  u n w o r k e d  m in e r a l i s a t io n s .  A t  D o l f r w y n o g ,  E l l e r  B e c k  a n d  in  th e  
T w in b o t to m  S c a r  a r e a  h o w e v e r  th e  in d ic a t o r  s p e c ie s  h a ve  b e e n  s h o v /n
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t o  in d ic a te  u n d is tu r b e d  a n d  n a t u r a l l y  o c c u r r in g  m in e r a l is a t io n s  a n d  i t  
s e e m s  th a t  in  c e r t a in  p la c e s  s u c h  m in e r a l i s a t io n s  m a y  be d e te c te d  b y  
t h e i r  u s e .
A l t h o u g h  t h e r e  is  n o  r e c o r d  o f  th e  B r i t i s h  in d ic a t o r  s p e c ie s  h a v in g  b e e n  
u s e d  f o r  p r o s p e c t in g  in  th e  p a s t ,  w i t h ,  p e r h a p s ,  th e  e x c e p t io n  o f  
A .  m a r i t im a  a t  D o l f r w y n o g ,  i t  a p p e a rs  p r o b a b le  th a t  th e y  m u s t  in  
c e r t a i n  p la c e s  h a v e  in d ic a te d  h ig h  g ra d e  m in e r a l i s a t io n s .  H o w e v e r  
m o s t  o f  th e  m in e r a l i s a t io n s  o f  th is  ty p e  a p p e a r  to  h a v e  b e e n  m in e d  
a l r e a d y .
T h e  f u t u r e  o f  B r i t i s h  m in in g  s e e m s  to  be in  th e  la r g e  s c a le  e x p lo i t a t io n  
o f  lo w  g ra d e  o re  b o d ie s  a n d  i t  is  in t e r e s t in g  to  n o te  th a t  in  th e  
D o l f r w y n o g  r e g io n  th e  in d ic a t o r  s p e c ie s  p r o v id e  e v id e n c e  o f  th e  
e x is te n c e  o f  s u c h  a d e p o s it .
12 . 9_________C o n s e r v a t io n  o f  th e  in d ic a t o r  p la n t  lo c a l i t i e s
A s  A n to n o v ic s  e t a l  (1971) o b s e rv e  m e t a l l i f e r o u s  lo c a l i t i e s  in  t h e i r  
r e l a t i v e  s i m p l i c i t y  o f f e r  m a n y  o p p o r tu n i t ie s  f o r  th e  in v e s t ig a t io n  o f  
e c o lo g ic a l  p r o b le m s .  I n  a d d i t io n  to  t h is  th e s e  p la n t  c o m m u n it ie s  a re  
o f  c o n s id e r a b le  g e n e r a l  i n t e r e s t  a n d  i t  w o u ld  be u n fo r tu n a te  i f  th e s e  
h a b i t a t s  w e r e  to  d is a p p e a r .
I n  th e  c a s e  o f  th e  c o p p e r  b o g  a t  D o l f r w y n o g  in  W a le s  th e  l o c a l i t y  
h a s  b e e n  d e s ig n a te d  a S ite  o f  S p e c ia l  S c ie n t i f ic  I n t e r e s t  a n d  s e e m s  to  
h a v e  a n  a s s u r e d  fu t u r e  in  th e  s h o r t  t e r m  a lth o u g h  th e  lo n g  t e r m  
s i t u a t io n  in  v ie w  o f  th e  p re s e n c e  in  th e  a r e a  o f  a n  e c o n o m ic a l ly  v ia b le  
c o p p e r  d e p o s i t  is  le s s  c e r t a in .  T h e  p la n t  c o m m u n i t ie s  a t  E l l e r  
B e c k  a r e  w i t h in  th e  Y o r k s h i r e  D a le s  N a t io n a l  P a r k  a n d  w i l l  be  
p r o t e c t e d  f r o m  g r o s s  d is tu r b a n c e  b u t  a s im p le  a c t  s u c h  as  th e  l im in g  
o f  th e  f lo o d  p la in  s o i ls  c o u ld  e a s i l y  r e s u l t  in  th e  d is a p p e a ra n c e  o f  
th e  r i p a r i a n  in d ic a t o r  p la n t  c o m m u n i t ie s .  T h e  a d d i t io n  o f  a r e l a t i v e l y  
s m a l l  a m o u n t  o f  c a lc iu m  w o u ld  p r o b a b ly  r e s u l t  in  q u ite  a d r a s t i c
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r e d u c t io n  in  th e  ra n g e  o f  th e  in d ic a t o r  s p e c ie s  a lo n g  th e  b e c k .  A s  
w a s  p o in te d  o u t in  C h a p te r  4 t h is  a p p e a rs  to  h a v e  h a p p e n e d  a l r e a d y  
a lo n g  the  R iv e r  G h e u l in  B e lg iu m  a n d  H o l la n d .
T h e  in t e r e s t in g  in d ic a t o r  p la n t  c o m m u n i t ie s  o f  th e  M a lh a m  d i s t r i c t  
a r e  a g a in  w i t h in  th e  N a t io n a l  P a r k  a n d  a r e  r e m o te  f r o m  a g r i c u l t u r a l  
in f lu e n c e s  a n d  s h o u ld  be s a fe  b u t s o m e  o f  th e  s p o i l  h e a p s  o f  th e  
D e r b y s h i r e  a r e a  a re  b e in g  r e m o v e d  f o r  th e  f l u o r s p a r  a n d  o th e r  
m in e r a ls  th e y  c o n ta in  a n d  w h i le  t h is  is  r e s u l t in g  in  th e  r e c la m a t io n  
o f  d e r e l i c t  la n d  i t  is  to  be hcpe d  th a t  s o m e  e x a m p le s  o f  th e  in d ic a t o r  
p la n t  c o m m u n i t ie s  in  th e  a r e a  w i l l  s u r v iv e .
T h e  m e t a l l i f e r o u s  c o m m u n i t ie s  a t  C h a r te r h o u s e  in  th e  M e n d ip s  a re  
w i t h in  a lo c a l  n a tu r e  r e s e r v e  a n d  s e e m  a s s u r e d  o f  p r e s e r v a t io n  b u t  
th e  s p o i l  h e a p s  a t  L a  C a la m in e  in  B e lg iu m ,  o f  g r e a t  in t e r e s t  in  v ie w  
o f  th e  p re s e n c e  to g e th e r  in  one  p la c e  o f  a l l  th e  in d ic a t o r  s p e c ie s ,  
a r e ,  a s  f a r  as  is  k n o w n , u n p r o te c te d .
I n  r e la t i o n  to  s p o i l  h e a p  a r e a s ,  e s p e c ia l ly  th o s e  in  th e  s o u th e rn  
o r e f ie ld s ,  q u ite  r a p id  s u c c e s s io n  a p p e a rs  to  be o c c u r r in g  a n d  i t  is  
a p p a r e n t  th a t  a n y  d e c is io n  to  p r e s e r v e  e x a m p le s  o f  th e s e  h a b ita ts  
w o u ld  h a v e  to  ta k e  th is  in to  a c c o u n t .  M a n y  p la n t  c o m m u n it ie s  a re  
r a t h e r  s u s c e p t ib le  to  d is tu r b a n c e  b u t  i t  s e e m s  c le a r  f r o m  th e  
o b s e r v a t io n s  p r e s e n te d  h e r e  th a t  in  r e la t io n  to  th e  in d ic a t o r  s p e c ie s  
s o m e  s u b s t r a te  d is tu r b a n c e ,  r e t a r d in g  as  i t  d o e s  th e  p r o c e s s  o f  
s u c c e s s io n ,  is  a d v a n ta g e o u s .
321
12. 10________ Conclus ions
T h e  s tu d y  h a s  a t te m p te d  a g e o g r a p h ic a l  a p p r a is a l  o f  th e  d i s t r i b u t io n  
o f  th e  in d ic a t o r  s p e c ie s  on  m e t a l l i f e r o u s  s i te s  in  E n g la n d ,  W a le s  
a n d  th e  A a c h e n - L ie g e  a r e a  a n d  h a s  g o n e  s o m e  w a y  to w a r d s  e x p la in in g  
c e r t a in  o f  th e  p a t te r n s  o f  d i s t r i b u t io n  s h o w n  b y  th e m .  I t  is  a p p a re n t  
t h a t  f o r  c e r t a in  in d ic a t o r s  th e  p h y s ic a l  c h a r a c t e r i s t i c s  o f  th e  h a b i ta t  
e x e r t  th e  c o n t r o l l i n g  in f lu e n c e  on  t h e i r  d i s t r i b u t io n  o n  m e t a l l i f e r o u s  
s u b s t r a te s .
A  lo n g  s ta n d in g  p r o b le m  in  th e  d is t r i b u t io n  o f  th e  in d ic a t o r  s p e c ie s  
h a s  b e e n  th a t  o f  w h e re  th e y  g r e w  b e fo r e  m e t a l l i f e r o u s  s i te s  c r e a te d  
b y  m in in g  a c t i v i t y  b e c a m e  a v a i la b le .  I t  is  b e l ie v e d  th a t  th e  c o n c e p t  
o f  m ig r a t io n  f r o m  h e a v y  m e t a l  r é fu g ia  w i t h in  th e  o r e f ie ld s  as  
a d v a n c e d  h e r e  o f f e r s  a r e a s o n a b le  e x p la n a t io n  o f  th e  m e th o d  b y  w h ic h  
th e  in d ic a t o r  s p e c ie s  c o lo n iz e d  th e  s p o i l  d u m p s  in  m a n y  a re a s  
a l th o u g h ,  a s  h a s  b e e n  m e n t io n e d  p r e v io u s ly ,  th e  c o n c e p t  o f  th e  
s u r v i v a l  o f  th e  in d ic a t o r  s p e c ie s  in  h e a v y  m e ta l  r é f u g ia  f r o m  th e  
L a te  G la c ia l  p e r io d  u n t i l  th e  o n s e t  o f  m in in g  d o e s  n o t  e x c lu d e  th e  
p o s s i b i l i t y  th a t  w h e re  n o n  t o le r a n t  p o p u la t io n s  g r e w  a d ja c e n t  to  
m in e  s i te s  l a t e r  d e v e lo p m e n t  o f  to le r a n c e  m a y  h a v e  o c c u r r e d .
A n  o b s e r v a t io n  o f  g r e a t  i n t e r e s t  h a s  b e e n  th a t  o f  th e  a s s o c ia t io n  o f  
th e  in d ic a t o r  s p e c ie s  w i t h  s u b s t r a te s  c o n ta in in g  h e a v y  m e ta ls  b u t 
w h ic h  a p p e a r  to  be  e n t i r e l y  n o r m a l  h a b i t a t s .  I t  is  d i f f i c u l t  to  
c o n v e y  in  w o r d s  j u s t  h o w  s i m i l a r  to  m a n y  o th e r  p la c e s  w h ic h  do  
n o t  c o n ta in  a b o v e  n o r m a l  c o n c e n t r a t io n s  o f  h e a v y  m e ta ls  c e r t a in  
o f  th e s e  lo c a l i t i e s  a p p e a r  a n d  o n ly  th e  o c c u r r e n c e  o f  o n e  o r  m o r e  
o f  th e  in d ic a t o r  s p e c ie s  b e t r a y s  th e  m e t a l l i f e r o u s  n a tu r e  o f  th e  
s o i l .  I t  s e e m s  p r o b a b le  t h a t  a n u m b e r  o f  s i te s  w h e r e  th e  in d ic a t o r  
s p e c ie s  o c c u r  a r e  m in e r a l i z e d  a n d  h a v e  n o t b e e n  re c o g n is e d  as  
s u c h  a n d  i t  i s  a p p a r e n t  t h a t  a n y  f u t u r e  s tu d y  r e la t e d  to  th e  e c o lo g y  o r  
d i s t r i b u t i o n  o f  th e s e  s p e c ie s  s h o u ld  ta k e  th is  in to  a c c o u n t  a n d  in c lu d e  
a n a ly s e s  f o r  h e a v y  m e ta ls ,  i f  o n ly  to  e x c lu d e  th e  p o s s ib i l i t y  o f  t h e i r  
in f lu e n c e .
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